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(57) Abstract 



dis- 
In a 



20-HETE agonists and antagonists 
closed along with therapeutic applications, 
preferable form of the invention, the 20-HETE 
agonists are selected from the group consisting of 
21-hydroxyheneicosa-5(Z),8(Z),lt(Z),14(Z)-tetraenoic 
acid, 20-hydroxyeicosa-5(Z), 1 4(Z)-dienoic acid and 
20-21-dimethyl 20-HETE. Pref erable 20-HETE 
antagonists include 5(S>-HETE, 15(S)-HETE, 19(S)-HETE, 
l9-hydroxynonadeca-5(Z),8(Z),l l(Z) t l 4(Z)-tetraenoic 
and 20-hydroxyeicosa 6(Z),15(Z)-dienoic acid. 
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2 0-HETE ANTAGONISTS AND AGONISTS 



5 STATEMENT REGARDING FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

This work was supported in part from Grants HL- 
29587, HL-36279 and GM 31278 from the National Institutes 
of Health. The U.S. Government may have certain rights 
10 to this invention. 

BACKGROUND OF THE INVENTION 

Recent studies have, indicated that vascular smooth 
muscle cells in a variety of vascular beds express 

- enzymes of the cy.tochrome .P450 4A and related families^ 

15 (CYP 4A) ; that 1 catalyze the formation of 20- 
1 r: ' "'' hydr^yeic^satettaenoic a'cib (20-HETE). 20-HETE is a 
potent constrictor (EC 50 <10^M) of renal, cerebral and 
skeletal^/muscle' arterioles. \ : It promotes Ca 2> entry by 
f : r depolarizing V'SM cells secondary to blockade, of Kc a 
20 channels and by increasing, the conductance of L- type Ca * 
'i- channels. (Harder, D. , J. Vase. Research 34:237-243, 1997; 
Roman, R.Y News in Physiological ^ Sciences, 1999, in 
press)' . . -* In the kidney, 20-HETE is also produced by renal 
tubular J^el Is /where it participates in the regulation of 
25 sodium transport in the proximal tubule and thick 

ascending limb of the loop of Heinle. In (Roman R. , . 
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Supra, 1999) human and rabbit ^ng 7 20-HETE is also 



produced by the airways where it serves as an potent 
endogenously produced bronchodilator (Zhu, D., Am. J » 
Resp. Cell Mol . Biol^ 19:121-128, 1998; Jacobs, E.R., Am. 
5 J\. Physiol . 1999, in press) . 

Despite the importance of 20-HETE in the regulation 
of vascular tone, kidney function, and airway resistance, 
little is known of its mechanism of action. Recent 
studies have indicated that the vasoconstrictor response 

10 to 2 0-HETE and its inhibitory actions on sodium transport 
is associated with activation of PKC and MAP kinase 
; signal transduction cascades (Sun, C. -W. , Hypertension 
33:414-418, 1999) . Activation of these pathways are 
usually triggered by receptor mediated events, however, 

15 at present time there is no evidence for a 2 0-HETE 

receptor. To date, thpre have been no published studies 
to determine whether 2 0-HETE binds to membrane or 
cytosolic proteins or to determine whether the 
vasoconstrictor response is specific to 20-HETE or ; fan be 

2 0 mimicked by closely related analogs. 

BRIEF SUMMARY OF THE INVENTION 

o r , The present invention springs from a study designed 

to perform structure .act iyity studies with a series of 
. 20-HETE analogs to determine the structural determinants 

25 to the vasoconstrictor response in interlobular arteries 
microdissected from the kidney of rats. 
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In one embodiment, the invention is a method of 
reducing a patient's vascular diameter or preventing 20- 
HETE from reducing vascular diameter, comprising the step 
of supplying to the patient an effective amount of a 20- 
5 HETE agonist or antagonist . 

Preferably, the compound is of the following 

formula: 

sp <3 Center —W—Ri 
I ^ m 1 

10 X 

sp° Center n -Y-R 2 
R 2 is selected from the group consisting of 
carboxylic acid; phenol; amide; irnide; sulfonamide; 
15 sulf onimide; active methylene; 1 , 3 -dicarbonyl ; alcohol; 
thiol; amine; tetrazole or other heteroaryl. 

R 2 is selected from the group consisting of 
carboxylic acid; phenol; amide; imide; sulfonamide; 
sulf onimide ; active methylene; 1 , 3 -dicarbonyl ; alcohol; 
20 thiol; amine; tetrazole or other heteroaryl. 

W is a carbon chain (C t through C 25 ) and may be 
linear/ cyclic, or branched and may "comprise heteroatoms, 
\ . i ■ ■ such . as 5 :S , -O , N or Se ^ 

Y is a carbon chain (C t through C 25 ) and may be 
25 linear, cyclic, or branched and may comprise heteroatoms 
such as S, 6/ N or Se! * 

sp <3 Center is" selected from the group consisting of 
vinyl; aryl; heteroaryl; cyclopropyl; and acetylenic 
moieties . 
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X is an alkyl (linear, branched/ cyclic or 
polycyclic) group with or without heteroatoms; or a 
vinyl; aryl; heteroaryl; cyclopropyl; or 1 acetylenic 
group . . > - r ■ ... 

m=0, 1, 2, 3, 4 or 5 and n=0, 1, 2, 3, 4 or 5 . 

In a preferred embodiment of the. method, the 
compound is an agonist and vascular diameter is reduced 
or bronchiole smooth muscle is dilated. In this 
embodiment , the compound- is a 2 0-HETE agonist. 
Preferably; the agonist, compound is selected from the 
group consisting of 21-hydroxyheneicosa- 

5 (Z) , 8 (Z) , 11XZ) , 14 (Z) -tetraenorc acid; 20-hydroxyeicosa- 
5 (Z) , 14 (Z) -dienoic acid; and dimethyl 20-HETE. 

In another embodiment of the method, the compound, is 
a 2 0-HETE' antagonist and the : vascular, diameter is 
prevented from being reduced by endogenous 2 0-HETE. 
Preferably, the compound- is selected jfrom the group 
consisting of 5 (S) -HETE; 15 <S) -HETEr 19 (S) -HETE; 19- 
hydrbxynonadeca - 5 (Z) , 8 (Z) ,11 (Z) , 14 (Z) -tetraenoic acid (C 19 
^analog') ; and 20-hydroxyeicdsa^6 (Z) , 15:{Z) -diehoic acid (Ps 

rev 20-HETE) . -n,-- 
; " In another embodiment/ the > pre sent invention is a 

method of treating : a patient Comprising.; the steps of 
1 Supplying ah ef f ective ambufit of a r Q. 0 - HETE agonist or 
' antagonist. j " V: " - : * :: n 1 ■■• 

In another embodiments the patient- has a disease 
selected from the group -consist d-ng' 5 j"d'f= -'diabetes, toxemia 
of pregnancy (preeclampsia) , hepatorenal syndrome, 
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cyclosporin- induced nephrotoxicity, cerebral vasospasm, 
stroke; and hypertension and the vasoconstrictor actions 
of the patient's excess endogenous ly -produced .20 -HETE is 
moderated when treated with a 20-HETE antagonist. 
5 In another embodiment, the patient has septic shock 

or other inflammatory disease associated with induction 
: of nitric oxide synthase, and is treated with an amount of 
20-HETE antagonist sufficient to reduce symptoms. 

In another embodiment, patients are treated with a 
10 : 2 0 r HETE antagonist to prevent vascularization of granular 
or neoplastic, tissues. This treatment reduces blood 
'supply and- prevents growth of, tumors-. . 
. : In.- another embodiment, the patient has a. condition 

? ; .selected . from- the group of congestive heart failure, 
IS pulmonary edema, .hepatorenal syndrome and hypertension 
0-* ■ and 'fis/i treated with; an amount of .20-HETE agonist 
•"-':*: ^sufficient to provide a -diuretic effect, lower blood 
Y-; • ' ^volume and -prevent , edema . 

<: .r -< *;:l n; another embodiment,, the v patient has asthma and 
201 j ther20^HETE .agonist is delivered as an inhalational 

therapy to dilate constricted airways . . 
\r:\nrk ? \: In. . another- embodiment , the, patient may have 
; ■ pulmonary hypertension ,and 20-HEJE or . a 20-HETE agonist 
: j» ; 7 . ids infused to dilate^ the pulmonary circulation. 
25 In another embodiment, the pat i<ent ; may. have cerebral 

?. r . vas_Qula:r ^injury^.. : ya<sospasm, migrraine or cluster 
v s- ': headaches v stroke^: ^r r: coc a ine- induced vasospasm and is 
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treated with a 2 0-HETE antagonist to., increase blood flow 
and relieve symptoms. 

The present invention is also a pharmaceutical 
preparation comprising a compound selected from the group 
5 of 2 0-HETE agonists and antagonists and a 

pharmaceutically acceptable carriefr. ' The preparation is 
preferably selected from the group of the 19- 
hydroxynonadeca-5 (Z) , 8 <Z) , 11 (Z) , 14 (Z) -tetraenoic acid, 

20- hydroxyeicosa 6(Z) , 15 (Z) -dienoic acid, 20 

10 hydroxyeic6sa-5 (Z) , 14 (Z) -dienoic acid/ dimethyl 20-HETE 

21- hydroxyheneicosa-5 (Z) , 8 (Z)\ 11 (Z) 14 (Z) -tetraenoic 
acid, N-methyl : suifonyl-20^hydr6xy4icosa-5 (Z) , 14 (Z) - 
di enami de , or N - me thy 1 sul f onyl ^20- hydroxyei cosa - 

6 (Z) , 15 (Z) -dienamide and a pharmaceutically acceptable 
15 carrier. ' ' :t ' A - : •'v-v 1 '- 

It is a feature of the' present invention that 20- 
HETE agonists and antagonists <are provided. A general 
formula is also provided describing 2 0 - HETE agonists and 
antagonists. r ' • 

20 It is another feature of the present invention that 

therapeutic uses of 20-HETE agonists and antagonists are 
• ' described. ' ' n ~ : " 1 ' • r] --"' 

Other features, objects and advantages of the 
present invention will become" apparent after examination 
25 of 4 the specification, cla"ims and "drawings . 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Fig. 1 is a set of structures of some of the various 
. . analogs of 20-HETE described herein. 

Fig. 2A and B are graphs comparing of the effects of 
. 5 various analogs of 2 0-HETE on the diameter of isolated 
renal interlobular arteries. 

Fig. 3A and B are graphs of antagonist activity of 
various analogs on the vasoconstrictor response to 20- 
HETE in isolated renal interlobular arteries. 
.10 Fig. 4A and B are graphs of antagonist activity of 

other : analogs, on the -.vasocnostrictor response to 20-HETE 
in isolated renal interlobular arteries. 

Fig. 5. is a . schematic of the structures of specific 
20-HETE agonists and antagonists described herein. 
1.5,. . - Fig. 6,. is a diagram of a generalized 2 0-HETE 

t , agonist /antagonist .and provides schemes for the synthesis 
of,, agpnists.., and antagonists. . 

Fig. 7A, B is a set of examples of suitable 
, r :( cpmpounds . v . , . . _ ........... 

.20.. Fig. 8A, ,B,. C, D, E and F is^ a set of schemes for 

the synthesis of 20-HETE agonists^and antagonists. 
_ .Fig.. 9 is a. scheme describing the actions of 20-HETE 
, . > in blood vessels.. 

„ .. ■ „Fig 10 is. a scheme describing the action of 20-HETE 
2 5 in renal proximal tubule. 

Fig. 11 is a scheme describing the action of 20-HETE 
in renal thick ascending loop of Henle. 
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DETAILED DESCRIPTION OF THE INVENTION 

In one embodiment, the present invention is a method 
of reducing a patient's vascular diameter or preventing 
2 0-HETE from reducing vascular diameter, comprising the 

5 step of supplying to the patient an effective amount of a 

- x 

2 0-HETE antagonist or agonist* 

In a preferred; embodiment of the present invention, 
. the compound is of the following formula : 

sp° Center m — W— R x 

10 / v ' :< : 

X 

\ ' ' * ' ' - ' : ■ " '"■ - ■ 

sp° Center —Y—R 2 

R x is preferably, selected from the group consisting 

15 of carboxylic acid; .phenol; amide; imide,\ sulfonamide; 

. sulf onimide ; active methylene; 1, 3 -dicarbonyl ; alcohol; 

thiol; amine; tetrazole and other heteroaryl groups. 

R 2 , is preferably selected from the , group consisting 

of carboxylic acid; , phenol ; K . amide ; imi.de; sulfonamide; 

20 sulfonimide; active , methylene ; .1 ,3 -dicarbonyl ; alcohol; 

: thiol ,- amine; tetrazole and other heteroaryl r - 

W is a carbon chain, (preferably C x through C 25 ) and 

may be linear, cyclic, ; or ..branched. W pay comprise 

heteroatoms, such as S,_0, N, and Se or. may comprise an 

2 5 v > :aryl or -heteroaryl rppiety . . , 

. : y is a carbon chain (preferably C x through C 25 ) and. 

r ' may :be-l inear, cyc ( lic, or branched,-. Y .niay comprise 

" heteroatoms such as ^y vO^ -N.or, Sje { and may comprise an 

aryl or heteroaryl .mpiety. r , „ 
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sp <3 Center is- preferably selected from vinyl; aryl; 
heteroaryl; cyclopropyl; and acetylenic groups. 

X is an alkyl (and may be linear, branched, or 
cyclic), polycyclic; vinyl; aryl; heteroaryl; 
5 cyclopropyi; or acetylenic moiety and may comprise 
heteroatoms . 

m is 0, 1, 2, 3, 4 or 5 and nisO, 1, 2, 3, 4 or 5. 
In all of our specific examples, the first carbon 
was a carboxyl group. However, this could be replaced 
10 by another type of ionizable group, as detailed in our 
generalized structure (Fig. 6A) . The compound was an 
agonist if it had a pair of double- bonds and hydroxyl 
group oh "the 20-21 carbon of the chain. (The overall 
distance between the ionizable group C 1 and the reactive 
15 group' on C20 oi: : C 21 ' would equal that of a carbon chain of 
V0-21 carbons in length, but the chain could comprise 
othe± atoms, ' such as O, S df'N.) It was an antagonist if 
It lacked a hydroxyl group at this location. 
" ' ' r Frdm these structure- activity studies , we propose a 
20 "general scheme fbr th£ structure • of agonists and 

? 'antagonists of the 1 actions of 20-HETE illustrated in Fig. 
: SA. Agdraxsts and antagonists both require a carboxyl or 
" 1 other ioriizabie group' at one end of the f rmolecule to serve 
as an anchor point With the plitative receptor/ They also 
25 :c require a double Bdhd : or other functional group at a 

^istanc? 6q{ial^ to' 14-15 carbons" from' Ci (the carboxyl or 
" 'ibni^^bi^" grbu£) - capable of - forming a 11 bond to stabilize 
the molecule in the acceptor site ^An. agonist will also 
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have a hydroxy 1 or other ionizable or functional group 
capable of hydrogen bonding that interacts with the 
receptor at a distance equivalent to ,20 or. 21 carbons 
from the ionizable group on carbon 1, Antagonists have a 
5 similar structure., but lack a reactive group on the 20-21 
carbon . 

In addition, our prototype examples indicate that a 
hydroxy 1 or other functional group located on the 19- 
carbon of the chairi enhances antagonist activity. 
10 The Examples below characterize various analog 

compounds we. synthesized and r tested in -order to evaluate 
the structural, determinants of. the vasoconstrictor 
response in interlobular .arterie^ micriodissected from the 
kidney of , rats. ; From these, studies we also discovered 
15 specific agonists. and. antagonists, to" ,2 0^ HETE . 

In one embodiment ,;, ..the present , invent ion is methods 
of using various compounds of .the ^bove f formula wherein 
the compo.unds i; ar^ either .agonists .or .antagonists of 20- 
- . , HETE. : : - , v . • . . , _ ; r . v 

20 - v. v ^ :In ; one embodiment , . the .compound ,is an agonist and 
.the vascular diameter is, reduced .,. Preferably/ the 
compound comprises a -hydroxy 1 ; groyp ,5 or 6 carbons from a 
..double bond and is . selected from ,the ; g;roup consisting of 
- . -21 r .HETE,, ps20-HETE ; , §ndodimethyl t 20-HE-^E. 
25 , In another embodiment:/ the, cqmpound is a 20 -HETE 

antagonist and the vascular diameter; ,is prevented from 
being reduced by . 20-.HETE : , ; ^Preferably, the compound has 
: / an OHr group tha : t is : not .located 3.^ or S ; carbons from a 

-10- 
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double bond and is selected from the group consisting of 
5 (S) -HETE, 15 (S) -HETE, 19 (S) -HETE, 19^hydroxynonadeca- 

5 (Z) , 8 (Z) , 11 (Z) , 14 (Z) -tetraenoic acid and 20- 

" : : hydroxyeicosa 6 (Z) , 15 (Z) -dienoic acid. 

5 Compounds of the* present invention can be created 

analogously to the descriptions of compound synthesis 
described' below in the Examples. 

One mky most easily determine whether a compound is 
a 2 0 -HETE agonist or antagonist by reference to the 
10 Examples below. A compound ±sa 2 0 -HETE agonist if the 
' compound reduces a patient ' s vascular diameter. 
: * " : By "reducing a patient ' s vascular diameter" 

> v ^j^^icarits mean a reduction as described below in the 
* metfhddkJ J Applicants 1 ' have described a test system of 
1^ isolated vessels wherein vessels are mounted on glass 
: ~ ' - : : : : "micropipet tes : and exposed to various test compounds. We 
v u '' i ' belfeve that a rediiction o'i vascular diameter of at least 
: ' : "^o% ^£ndfdates- r that a compound is a 2 0 - HETE agonist. 

W e also disclose below a test for 2 0 -HETE antagonist 
■ f: ■■ 2Q ■ activity . In this -Analysis 7 , - test compounds were analyzed 
* ri : ; ~ by a cumulat ive "dose response curve to 2 0 -HETE generated 
' : before and after' the addition of the- test compound. 
i;r Addition "of certain antagonists, such" as 5 -HETE or 15- 
iiETE, blocked r the vasoconstrictor response to 2 0 -HETE . 
: ! ' 25 ' We envision suitable 'antagonists as similarly blocking 

; the Va^dconst riet or "response . ' • 1 ' ; 

----- we ' •ptoposef--'£h l at''- the" agonists and antagonists of 20- 

" ' " : HETE be use^ therapeutically in vivo by human patients. 

.. r - -11- 
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Wis known in the art that dSgs that reduce diameter in 
vitro on isolated vessels also work in vivo. (Zou, A. P., 
ASK «L. Physipl t 270:R226-R237, 1996; Zou, A. P., Anu J, 
Physioj^ 266.-P275-F282, 1994; Harder, D.R., supra . 1997; 
5 Alonso-Galicia, M., H^ertejisiojQ 29:320-325, 1997.) 

In another embodiment, the present . invention is the 
use of 20-HETE agonists and antagonists in certain 
therapeutic applications. Preferably, the 20-HETE 
antagonists and agonists are of the formula described' 
1 0 above . 

We . e ^ v ision that 2 0-HETE antagonists may be used to 
moderate a patient's elevated endogenous production of 
20-HETE as described below in the Examples. This 
modulation may be useful for a patient who has coronary 
15 artery disease, diabetes,, toxemia^of pregnancy (pre- 
eclampsia) , hepatorenal syndrome, , cyclosporin -induced 
nephrotoxicity, cerebrivaspasm stroke or hypertension. 

We also envision that , a . 2 P -HETE antagonist may be 
useful to treat a ; patient with septic shock or other 
inflammatory disease associated with induction of the 
synthesis of nitric oxide as. described below in the 
Examples,. 

In another embodiment .we. ; . envision that a 20-HETE 
antagonist may prevent vascularization of granular of 
neoplastic tissues and be useful in the treatment of 
cancer as described below in the Examples. 

We also e fisiOT t^ajprlffijTE agonist will have 
certain therapeutic uses as described below in the 



20 



25 
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Examples. In one embodiment, the agonist may provide a 
diuretic effect and may be useful for a patient with 
congestive heart failure, pulmonary edema, hepatorenal 
syndrome and Hypertension. 
5 in another embodiment, the 20-HETE agonist may be 

useful to a patient with asthma. Preferably, the 
compound would be delivered as inhalational therapy as 
described below in the Examples. 

In another embodiment, the patient may have 
10 pulmonary hypertension and 20-HETE or a 20-HETE agonist 
* 1 'is infused to dilate the pulmonary circulation. 
J ' ' " In another embodiment, a patient may have cerebral 

1 ' * vascular injury, vasospasm, migraine or cluster 

1 ' * " : r: headaches, stroke or cocaine- induced vasospasm and is 

" 1 : 15 r '"' treated'" with'" a 20-HETE antagonist to increase blood flow 
* and relieve* symptoms . 
:: " f ' ' * ' *"lh" another embodiment* the present invention is a 

'** • x ' ' ■'* * ' pharmaceutical' preparation comprising one of the 

' ^* 10 1 ' 'following compounds and a pharmaceutical ly acceptable 
' 2 0 carrier : "" ~ " " 
' : w i; v: - 20-hydrbxyeicoanoic acid S (20-HETE), 

19-hydroxynonadecanoic acid (sC 19 analog) , 
; ; " : " 1 19S-HETE, 

:v J 5 J ' ' ;: ' :v ; : * r 20,20 dimethyl -2 0-HETE, 

2% : ' "2b-hydr6xyeicosa-5 (Z) , 14 (Z) -dienoic acid (ps 20- 
• " x ' /: ~ HETE) ~\ r " 

B ' ' v v ' : "- ' S ^ 6 (Z) , 15 (Z) -dienoic acid (ps rev 20- 

' ■ ■ - v r ^ETE)^ : '" 
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19-hydroxy-nonadeca-5(Z) , 8(Z) ,11 (Z) ,14 (Z) -tetraenoic 
acid(C 19 analog), 

21-hydroxyheneicosa-5(Z) ,8(Z) , 11 (Z) , 14 (Z) - tetraenoic 
acid (21-HETE) , 

5 N-methylsulfonyl-20-hydroxyeicosa-5 (Z) , 14 (Z) - 

dienamide, and 

N-methylsulfonyl-20-hydroxyeicosa-6 (Z) , 15 (Z) -dienoic 
acid. 

EXAMPLES 

10 In General 

Recent studies have indicated that arachidonic acid 
(AA) is primarily metabolized by a P4504A dependent 
pathway to 20-hydoxyeicosatetraenoic acid (20-HETE) in 
the kidney and in the peripheral vasculature and that. 
20-HETE serves as a critical second messenger in the 
regulation of renal and peripheral vascular tone, renal 
function and the long-term control of arterial pressure. 
In this regard, 20-HETE is a potent vasoconstrictor that 
inhibits the opening of Ca-;-activated channels in 
vascular smooth muscle cells. It promotes Ca 2 * entry by 
depolarizing VSM cells secondary to blockade of Kc a 
channels and by increasing the conductance of L-type Ca 2 ' 
channels (Harder, D.R., supra . 1997; Roman, R.J., supra . 

1999) . Inhibitors of the formation of 20-HETE block the 

- ■-" -•• - :-■}■, no. ■•• r- ■ I::. 

25 myogenic response of renal, cerebral and peripheral 

arterioles to elevations in transmural pressure and 
auto T egulation L of renal . , and cerebral blood flow in vivo 

-14- 
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(Harder, D.R., et al M supra . 1997; Zou, A. , et al w 
supra , 1996; Zou, A. P., et al., supra . 1994). They also 
attenuate the vasoconstrictor response endothelin, All 
and inhibitors of NO synthase (Oyekan, A.O., Am. J. 
5 Physiol . 274 :R52-R61, 1998; Sun, D.-W., et al., Circ. 

Res. 83:1069-1079, 1998), the vasoconstrictor response to 
elevations in tissue P0 2 , (Harder, D.R. , Circ. Res. 79:54- 
61, 1996; Lombard, J.H., Am. J. Physiol . 276 :H503 -H507 , 
1999) , the mitogenic actions of growth factors in 

10 vascular smooth muscle and renal mesangial cells (Lin, et 
al.. Am. Phvsiol . 269 : F806 -F816 , 1995; Uddin, £t al . . 

H ypertension 31:242-247, 1998), and the development of 
hypertension in spontaneously hypertensive rats and other 
experimental models of hypertension (Roman, et al . , Am. 

15 J. Hypertension 10:638-678, 1997). 

In the kidney, 2 0-HETE is also produced by renal 
tubular cells where it participates in the regulation of 
sodium transport in the proximal tubule and thick* 
ascending limb of the loop of Henle. (Roman R.S., supra , 

20 1999) , 20-HETE is also produced by the airways in human 
and rabbit lungs where is serves as an potent 
endogenously produced bronchodilator . (Zhu, et al . , 
supra . 1998; Jacobs, et al., supra . 1999). 

Despite the importance of 20-HETE in the regulation 

25 of renal function, vascular tone, and airway resistance, 
little is known its mechanism of action. Recent studies 
have indicated that the mitogenic actions of 20-HETE and 
its effects on vascular tone and sodium transport are 
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associated with activation of PKC and MAP kinase signal 
transduction cascades. (Sun, C.W., et al . , supra , 1999). 
Activation of, these pathways are usually r triggered by 
receptor mediated events. However, at present time there 
5 is no previously published evidence for a 20-HETE 
receptor. There have been no previous studies to 
determine whether 2 0-HETE binds to membrane proteins or 
whether the vasoconstrictor properties of 2 0-HETE can be 
5 mimicked by other analogs. 

10 Thus, the ..purpose of the present study was to 

. perform structure activity studies with a series of 
synthetic; 20-HETE analogs to evaluate the structural 
determinants of the vasoconstrictor response in 
interlobular arteries microdissected from the kidney of 

15 rats . - " ' - 

Methods ^ . ; 

' General. Experiments 'were- performed on 10 to 12- 
week old male Sprague-bawley- rats purchased from Harlan 
Sprague-Dawley Laboratories (Indianapolis, IN) . The rats 



20 



were housed" in the animal cate ' f ac i 1 i ty at the Medical 



College of Wisconsin, which is approved by the American 
Association for the Accredi'tiktioh of Laboratory Animal 
Care. The animals had free access 5 to food and water. 
All protocols involving "animals received approval by the 
25 Animal Care Commit tee of th£ Medical College of 
Wisconsin . ' -w 
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Isolated vessel studies. Interlobular arterioles 
(70-120 jim inner diameter) were microdissected from the 
kidneys of rats. The vessels were mounted on glass 
micrbpipettes in a perfusion chamber containing 
5 physiological saline solution equilibrated with a 95% 0 2 - 
5% C0 2 gas mixture and maintained at 37°C. The vessel 
were secured to the pipettes and side branches were tied 
off with 10-0 silk suture . ? The inflow pipette was 
connected to a pressurized resetvoir to control of 
10 intraluminal perfusion pressure, which was monitored 
f using a transducer (Cobe/ Lakewood/ CO). The vessels 
were stretched to in vivo length measured before 
microdissection. The outflow cannula was clamped off and 
intraluminal pressure was maintained at 90 mm Hg during 
15 the experiment. Vascular diameters were measured with a 
video system composed of a stereo microscope (Carl Zeiss, 
. Inc .-,,, Germany). , .a CCTV television camera (KP-130AU, 
Hi t.achi^ , Japan),, a videpcassette recorder (AG-7300, 
Pan^s.qnic,,. Japan).,, a television, monitor. (CVM-1271, Sony, 
.-20 -. Japan).,. -.ar*d. a video measuring system (VIA-100, Boeckeler 
... Instrument Co., Tucson, AZ) . 

T^te composition of the perfusate and the bath was 
„ - ( in. mM). : : 119, NaCl , ,4.7 KCl , 1.17 MgSO« , 1.6 CaCl 2/ 12 
....... rN NaHC0 3 , 1 .18 NaH 2 PQ 4/ 0. 03 EDTA and 10 glucose, pH 7.4. 

25. L Indometliacin.,.(5 /xM) , baicalein (0.3 MM), and 17-ODYA (1 
//M) were added to the bath to block the endogenous 
formation and metabolism of eicosanoids via the 
cyclooxygenase, lipoxygenase and cytochrome P4 50 
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pathways. After the equilibration, period, cumulative 
dose response curves were generated for each of the 20- 
HETE analogs. ...... 

Effect of the position of the hydroxyl group on the 
5 vasoconstrictor response to 20-HETE . These experiments 
examined the effects of increasing . concentrations of 
5<S> -, 8 (S)-, 12 (S)-, 15 (S)-, and 19 (S) -HETE on the 
diameter of isolated, pressured rat renal interlobular 
arteries. v. All of these analogs .have the same number of 
10 carbons, double bonds and molecular weight as 20-HETE 

(Fig.-- i) • The major difference between these compounds 
and 2 0-HETE. is, the position of the OH group along the 
carbon chain. Additional experiments were performed with 
arachidonic acid and 2,0 -carboxyarachidonic acid, which 
15 are- structurally similar ;? ta, 2 0-HETE but lack a hydroxyl 
; . group on the- 20 th carbon and; 2 0-hydroxyeicosa- 6, 15- . 

dienoic cacid ..(reverse 2 0-HETE) which has the carboxy- and 
hydroxy- moieties on the l; st and 2 0^ carbons reversed . 
: Cum^latiye ; do t se. respon^f curves were generated for each 
20 . compound (10; 8 to 10* 6 K) iri : the presence of indomethacin, 
. /:? ba i9^i e i I >'; and ... 17-ODYA. Vasqular .diameters were recorded 
\ 2 to 3 -minutes after the .addition of the compounds to the 

• • bath . : ... ; , .. ; . ir , . 

Effect of the double bonds and carbon chain length 
25 to the vasoconstrictor response tq 2 0-HETE; ; We next 
examined the importances of - the * double bonds and the 
length: of the carbon, chain to. the. vasoconstrictor 
response to = 20-HETE.. In e these rstaidies:^ the double bonds 
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ih the 20-HETE molecule were removed creating partial and 
saturated 20-HETE derivatives (20 -hydroxy ei cos a- 
6(Z),15(Z) dienoic acid; 20-hydroxyeicbsanoic acid, Fig. 
" : '1) . 2 0-HETE was also shortened by one carbon, creating a 
' 5 19-carboh analog '('19-hydroxynonadeca- 

5 (Z) 8 (Z) , ll-(Z) , 14 (Z) -tetraenoic acid, Fig, 1) and double 
bonds were removed, creating a saturated 19-carbon analog 
(19 hydroxynonadecanoic acid, Fig. 1) . In addition, one 
carbon was added to the 20-HETE molecule, creating a 
10 21 -carbon analog (21-hydroxyheneicosa- 

5 (Z) , 8 (Z) , ir(Z)-, 14 (Z) -tetraenoic acid, Fig. 1), and 
■ - - f inally -the hydrogen atoms on the 20 th carbon were 

" " - ■ replaced -with methyl "groups (20 ■ '20-dimethyl -20-HETE) . 

■"■***■' .■'-■-*• -After the equilibration period, cumulative dose response 
r 15 f curves to these ' analogs (10~ 8 to 10~ € M) were generated in 
~ ♦ ' the -presence of iridomethaciny' baicalein, and 17-ODYA. 

; — rT Vascular diameter was -recorded 2 to 3 minutes after 

' '. i 

" - - addition' of these -compounds to the bath". . ' J 

; tr L - 20-HETE -antagonist activity. The inactive analogs 

"eri ■ : ■< 2 0 6f? : ' 2 6- -HETE ~ were further tested for antagonist activity. 
< * • 1 L : -Iri' -these experiments/ cumulative dose response curves to 

' " u • 2 0-HETE (10 ;8: 'to 10* 6 M) Were generated before and after 

addition of 5(S)-HETE (0.5 /iM) , 8 (S) -HETE (1 /iM) , 12 (S) - 
- * -HETE * ( 0 . S'-'/iM)' , : 15 (S)-HETE (1 jiM) / 19 (S) -HETE (1 fiM) , the 
' 2 5 '* % - Ci^arfalog •'( 1-. 71M) '' , 1 arachidonic acid (1 71M) , 
c * ; : -2 0- carboxy:- arachidonic acid: (1 /xM) , reverse 20-HETE (1 

c- . : fxM) s - sat\iratedi 2t) -HETE . (1 /iM) \ : and the saturated 

C 19 - analog * (1 fiM) : to the bath. Vascular diameters were 

~ V -19- 
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recorded 2 to 3 minutes after the addition of each dose 
of 20-HETE to the bath. 

Drugs and chemicals. All chemicals were of 
analytical grade . Indomethacin was obtained from Sigma 
5 Chemicals (St. Louis, MO) . 5(S)-, 8(S)-, 12 (S) , 15(S), 

and 19(S)-HETE, baicalein and 17-ODYA were purchased from 
Biomol Corp. (Plymouth Meeting, PA). 20-HETE, reverse 
20-HETE, the 19 -carbon analog, dimethyl 20-HETE, 21-HETE, 
20-carboxyarachidonic acid, and the saturated and 
10 partially saturated C 19 and 2 0-HETE analogs, were all 
synthesized as described below. 

Chemical Syntheses of 2 0-HETE and Analogs 
The preparations below refer to Figs. 1,8A, B, C, 
D, E and F. 

15 Preparation of 20-HETE (9b): To a vigorously 

stirring, -4 0°C solution of methyl 14,15- 
dihydroxyeicosatrienoate (1) (700 mg, 1.98 mmol) in 
anhydrous CH 2 C1 2 (30 mL) was added Pb (OAc) 4 (8 90 mg, 2.00 
mmol) portionwise over 2 minutes (Scheme 1; Fig. 8A) . 

2 0 After 3 0 minutes, the reaction mixture was passed through 
a pad of silica gel to remove inorganic salts. The 
filter cake was washed with EtOAc/hexane (1:1, 30 mL) and 
the combined filtrates were evaporated in vacuo to give 
aldehyde 2 (435 mg, 87%) : .as a labile, colorless oil that 

25 was used immediately in the next step. X H NMR (250 MHz, 
CDC1 3 ) : 61. 60-1.78 (m, 2H) , 2.00-2.15 (m, 2H) , 2.30 (t, 
J-7.4 Hz, 2H) , 2.70-2.85 (m, 4H) , 3.18-3.28 (m, 2H) , 3.65 
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(s, 3H>, 5.28-5.75 (m, 6H) , 9.65 (t , J-1.8 Hz, 1H> ; TLC : 
EtOAc/hexane (1:1), R c -0.5. 

Sodium borohydride (139 mg; 3.65 mmol) was added 
portionwise to a stirring solution of crude 2 (435 mg, 
5 1.76 mmol) in MeOH/CH 2 Cl 2 (1:2, 10 mL) . After 45 minutes, 
the mixture was concentrated under reduced pressure and 
the residue was purified by Sib 2 column chromatography 
using EtOAc/hexanes (2:3) to furnish alcohol 3 (3 50 mg, 
80%) as a colorless oil. NMR (250 MHz, CDCl 3 ) : 51.60- 

10 1.75 (m, 2H) , 2.04-2.15 (m, 2H) , 2.25-2.38 (m, 4H) , 2.72- 
2.85 (m, 4H) , 3.65 (t, J-7.2 Hz, 2H) , 3.68 (s, 3H) , 5.28- 
" 5.60 (m/ 6H) ; TLC: EtOAc/hexanes (1:1), R f - 0.39. 

Triphenylphosphine (495 mg, 1.89 mmol) was added 
portionwise to a stirring, 0°C solution of 3 (340 mg, 
15 1.35 mmol) and carbon tetrabromide (585 mg, 1.75 mmol) in 
dry CH 2 C1 2 (15 mL) V Af ter 40 minutes,' the solvent was 
removed in vacuo and the residue was purified by Si0 2 
column chromatography using CH 2 C1 2 as eluent to yield 
bromide 4 (375 mg, 88%) as a mobile, colorless oil. *H 
20 NMR (250 MHz, CDC1 3 ) : 51.64-1.75 (m, 2H) , 2.04-2.15 (m, 

2H) , 2.25-2.36 (m, 2H) 2.60-2.70 (m/ 2H) , 2.75-2.84 (m, 
4H) , 3.38 (t, J-7.2 Hz, 2H) , 3.65 (s, 3H) , 5.30-5.60 (m, 
6H) ; TLC: EtOAc/hexane (1:1) R f - 0.61. 

Aqueous LiOH ' (2 mL of 1 M soln) was added dropwise 
25 to a 0°C solution of 4 (375 mg, 1.19 mmol) in 

tetrahydrof uran (THF) /H 2 0 (5 : i 7 20 mL) . After stirring at 
ambient temperature for 12 hours, the pH was adjusted to 
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4.5 using 1. M aqueous oxalic acici and the THF was 
evaporated under reduced pressure. . The residue was 
diluted with H 2 0 (15 mL) and extracted with EtOAc (3 x 10 
mL) . The combined organic extracts were,, washed with H 2 0 
5 (15 mL) , dried over Na 2 S0 4 , and evaporated to give bromo- 
acid 5 (318 mg, 89%) as a colorless oil. X H NMR (250 MHz, 
CDC1 3 ) : 51.63-1.76 (m, 2H) , 2.08-2.16 (m, 2H) , 2.40 (t, 
J-7.1 Hz, 2H) , 2.60-2.70 (m #( 2H), 2.75-2.86 (m, 4H) , 3.40 
(t, J-7.2 Hz, 2R)., 5.3Q-5.55 ,(m # 6H) ; TLC: EtOAc/hexanes 

10 (3 :1) ,, R f r- 0 .34 . , , 

A mixture of triphenylphosphine (524 mg, 2 mmol, 3.5 
equiv . ) and bromo-acid 5 (305 mg, 1 mmol) in dry CH 3 CN (6 
mL) was heated at 85°C in a sealed tube for 60 hours. 
Solvent evaporation and Si0 2 chromatographic purification 

15 using MeOH/CH 2 Cl 2 (5:95) afforded phosphonium salt 6 (53 0 
mg, 92%) as a viscous, hygroscopic oil . „ X H NMR (250 MHz, 
CDC1 3 ) : 51.55-1.70 (m, 2H) , 1.96-2.10 (m, 2H) , 2.4€M(t, 
J-7.1 Hz, 2H) , .2.42-2 .60 (m, 2H) , 2.62-2.70 (m, 4H) | 
3.75-3.88 (m, 2H) , 5.20-5.50 (m, 6H) , 7 . 65-7 . 80 (m,Jl5H); 

20 TLC: MeOH/CH 2 Cl 2 (1:7), R f ~ 0.21. 

Lithium bis (trimethylsilyl ) amide (0.32 mL of a 1 M 
solution in THF) was added dropwise to a -78°C solution 
of 6 (90 mg, 0.16 mmol) in THF/hexamethylphosphoramide 
(HMPA) (4:1, 2.5 mL) . The mixture gradually developed 

25 the dark yellow coloration characteristic of ylides. The 
reaction mixture was kept at -46°t! 'for 1 hour, re-cooled 
to -78°C arid a solution of aldehyde 12b (30 mg, 0.133 
mmol) ih J anhydrous THF (i mL) was r ^dded- dropwise . 
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Following an additional 1.5 hours, the reaction was 
quenched with 50% aqueous NH 4 OAc, extracted with EtOAc (3 
x 10 mL) , and the combined organic extracts were washed 
'•-""with H 2 0 (2x5 mL) , brine (5 mL) , dried over Na 2 S0 4 , and 
5 the solvent was evaporated in vacuo. The residue was 
redissolved in MeOH/Et 2 0 (1:5, 4 mL) and treated with 
excess ethereal diazomethane at 0°C for 0.5 hours. 
Removal of all volatiles and' S±0 2 chromatographic 
purification of the resultant oil using EtOAc/hexanes 
10 (1:10) furnished a mixture of silyl -ester 7b and A 14 - 1S - 
trans-7b (8:1, 73%) that was more conveniently resolved 
after the next step. 2 H NMR of 7b/A 14 - 15 - trans-7b mixture 
(250 MHz , CDC1 3 ) : 50.84 (s, 9H) , 1.20-1.75 (m, 8H) , 2.00- 
2.18 (m, 4H) , 2.30 (t, J-7.5 Hz, 2H) , 2.72-2.8.5 (m, 6H) , 
"15 " 3" 60 w (t/ J-7.3 Hz, 2H) , 3.65 (s, 3H) , 5.30-5.40 (m, 8H) , 
7. 1*8-7. 45 (m, 6H)', '7.59-7.68 (m, 4H) ; TLC : EtOAc/hexanes 
■ l ' (1 :2")/ R f 0: 62 . • • 

!' K ' ' " A solution of 7b/A 14 15 - trans-7b (63 mg, 0.11 mmol) 

and n- tetrabutylammonium fluoride (0.22 mmol, 5 equiv.) 

20 in THF (8 mL) was maintained at room temperature for 3 
hours. The solvent was evaporated and the residue was 
dissolved in EtOAc (10 mL) , then washed with H 2 0 (2x5 
mL) , brine (8 mL) , dried over Na 2 S0 4 , and concentrated in 
vacuo. Column chromatography (Si0 2 ) of the residue using 

25 . Et 2 p/.hexaiies (7:3) .gave a mixture of ester 8b and its 
A 14 ,- 15 - trans -isomer (77%) as a colorless oil which was 
• resolved by HPLQ pp. a Varian Microsorb Si 5 p. (10 x 250 
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BV <ni.av:< ow 

mmT column eluted isocratically with hexane/EtOH 

(99.4:0.6) at 6 mL/min. and monitored at 205 nm (8b: R c - 
32.4 min.; A 14,ls - trans- 8b: R c - 3 4 . 8 ' min. )' ! *H NMR (250 
MHz, CDC1 3 ): 61.25-1.75 (m, 8H) , 2.00-2.20 (m, 5H) , 2.30 
(t, J-7.5 Hz, 2H), 2.72-2.85 (m, 6H) , 3.65 (t, J-7.3 Hz, 
2 H), 3.70 (s, 3H), 5.30-5.50 (ni, 8H) . 

Aqueous NaOH (0.149 mL of a 1 M soln, 0.149 mmol) 
was added to a 0°C solution of 8b (12.4 mg, 0.037 mmol) 
in THF/H 2 0 (3:1, 2 mL) . After stirring at ambient 
temperature overnight, the reaction mixture was diluted 
with H 2 0 (3 mL) .. adjusted to pH 6.5 by dropwise addition 
of 1 M aqueous oxalic acid, then extracted with EtOAc 
(3x3 mL) . The combined organic extracts were washed with 
H 2 0 (10 mL) , dried over Na 2 S0 4 , and evaporated to give 20- 
HETE (9b) (8,5 mg, 72%) as a colorless oil identical in 
all respects to an authentic sample. *HPLC: Phenomenex 
Nucleosil . 5 £ C l8 ( 4 . 6 x 2.50 mm) column eluted linearly 
from CH 3 CN/H 2 Q/HOAc ,(4 9,.. 95 : 49 . 95 : 0,1) to CH 3 CN/HOAc 
(99,9:0.1) ,qver. 40^ minutes, at 1 mL/min. and monitored at 
. 205 v nm 4R t - ; aa r min.) . TLC: MeOH/CH 2 Cl 2 (1:10) , R f - 
0 .45 . 

Preparation, of . Aldehyde 12b: tert- * 
Butylchlorodiphenylsilane (4po mg, 1.45 mmol) and AgN0 3 

(2,50 mg,- 1.47 mmol) were added to a solution of 1,6- 
hexanediol (10b) (.343 mg, ,2 . 90 mmol) in THF/pyridine 

(15:1, 32 mL) (eq. 1). After stirring, in the dark for 12 
hours, the reaction mixture was filtered through a bed of 
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CELITE and the filter cake was washed with THF (10 mL) . 
The combined filtrates were evaporated and the residue 
was purified by Si0 2 column chromatography using 
MeOH/CH 2 Cl 2 (1:49) to give lib (495 mg, 96% based on 

silylating agent)'. 1 H NMR (250 MHz, CDC1 3 ) : 51.04 (s, 

9H)" 1.16-1.70 (m, 8H>, 3.48-3.76 (m, 4H) , 7.38-7.44 (m. 

6H), 7.61-7.66 (m, 4H) ; TLC: MeOH/CH 2 Cl 2 (5:95), R f - 

0.49. 

Freshly distilled oxalyl chioride (353 mg, 2.78 
mmol) was added to a -78°C solution of methyl sulfoxide 
(DMSO) (543 mg, 6.95 mmol) in anhydrous CH 2 Cl 2 (5 mL) . 
After 10 minutes, silyl ether lib (495 mg, 1.39 mmol) in 
CH 2 C1 2 (3 mL) was added dropwise and the mixture was * 
" stirred for an additional 1^5 hours. Triethylamine (702 
' m g ; 6^95 mmol) was added and the mixture was warmed to - 
; "'Vo»C over ' 30 minutes^ then poured into saturated aqueous 
^"and the^aye^ were'sWated. 'The aqueous layer 
7 was further extracted withCH 2 Cl 2 (2 x 10 mL) . The 
' •'cornbined organic extracts 'were 'washed with brine (15 mL) , 
drieo^over Na 2 S0 4 , evaporated, and the residue was 
purified by Si0 2 column chromatography using CH 2 Cl 2 to 
give aldehyde 12b (450 mg. 92%) . 'H NMR (250: MHz , CDCl,) : 
; 51.04 (s, C 9H)". i.^-V.80^ (m, 8H) , " 2 . 24 -2 . 52 (m, 2H) , 3.64 
J-6 Hz; 2H)/ 7V32-7.44 (m, 6H) , 7.63-7.70 (m, 4H) . 
'* r 9;72 : (t'; J-i: : 8 Hz\ %*); TLC: MeOH/CH 2 Cl 2 (1:49), R f - 
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Preparation of 19-Hydroxynonadeca- • 
5<Z),8(Z),ll(Z),14(Z)-tetraenoic Acid (9a) and 21- 
Hydroxyheneicosa-5 (z) , 8 (Z) , 11 (z) , 14 (Z) -tetraenoic Acid 
(9c): C 19 -Homolog 9a and C 21 -homolog 9c were prepared in 
the same manner and in comparable yields as described for 
9b (Scheme 1) using Wittig salt 6 and aldehydes 12a and 
12c (eq 1)., respectively. The TLC characteristics and 
NMR spectra' of 9a and 9c, except for integration, were 
virtually identical with 9b. 

Preparation of 20,20-Dimethyl-20-HETE (19): 

MeLi (1.4 M solution in Et 2 0. 10.4 mL, 14.6 mmol) was 
added dropwise to a stirring, room temperature solution 
of methyl 6-heptenoate (13) (946 mg, 6.65 mmol) in 
anhydrous Et 2 0 (30 mL) under argon (Scheme 2; Fig. SB). 
After 12 hours, the reaction mixture was adjusted to pH 4 
by the addition of 5% hydrochloric acid and extracted 
with EtOAc (3 x 10 mL) . The combined organic ext raits 
were dried over Na 2 S0« and all volatiles were remove! in 
vacuo to afford alcohol 14 (950 mg, 100%) sufficiently 
pure to be used directly in the next step. »H NMR (CDC1 3 , 
250MHz): 51.22 (s, 6H) , 1.26-1.46 (m, 6H) , 2 . 03 -2 . 18 
(m, 2H) , 4. 92 -5. 08 (m, 2H) , 5.72-5.90 (m, 1H) ; TLC: 
EtOAc/hexanes (1:4), R t - 0.38. 

A mixture of alcohol 14 (8 70 mg, 6.1 mmol), 3,4- 
dihydro-2H-pyran (DHP) (l . 12 mL, 12 . 2 r mmol ) , and 
Py^ i dini.um,p-^ol^ene.sul^onate. (P$T§) -(153 mg, 0.61 mmol) 
in CH 2 C1 2 (43 mL) was stirred at ambient temperature for 
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r . 12 hpurs, then diluted with Et 2 0 (50 mL) and filtered. 

The- filtrate was evaporated in vacuo and the residue was 
. chromatographed on Si0 2 using EtOAc/hexanes (5:95) to 
..afford THP ether 15 (1.13 g, 82%) as a colorless oil. >H 
.5 NMR (250 MHz, CDC1 3 ): 61.19 ( S) 3H) , 1.21 (s, 3H) . 1.30- 
1.42 (m, 4H), 1142-1.58 (m, 6H) , 1.60-1.68 (m, 1H) , 1.75- 
.1-90 (m, 1H), 2.01-2.12 (m, 2H) , 3.38-3.44 (m, 1H) , 3.90- 
3.99 (m, 1H), 4.67-4.70 (m, 1H) , 4 . 92 - 5 . 08 (m, 2H) , 5.72- 
5.90 (m, 1H) ; TLC: EtOAc/hexanes (15:85), R f - 0 . 64 . 
10 A 0°C solution of THP ether 15 (565 mg,2.5 mmol) in 

CH 2 C1 2 (10 mL) was saturated with a continuous stream of 
-° 3 f ° r , 10 minutes - _ After Purging with argon to remove 
excess 0 3 , neat Me 2 S (1 mL) was added and the mixture was 
stirred at room temperature for 2 hours. Evaporation of 
all volatiles in vacuo and chromatographic purification 
° f the ,. reSidue . on Si ° 2 usin 9 EtOAc/hexane (15:85) as 
elUen ^ r^ 1 ^: aldehyde 16 . (390 mg, .68%) as a colorless 

oil - *H NMR (CDC1 3 , 250 MHz): .61.18 _(s , 3H) , 1.21 (s, 

3H), 1.40-1.80 <m, 12H) , 2.43 <dt , J-1.5 and 6.4 Hz, 2H) , 
3.40-3.52 (m, 1H) , 3 . 90-4 . 00 (m, 1H) , 4.68-4.74 (m, 1H) , 
V.7'8 (t, J-1.5 Hz," 1H) ; TLC: EtOAc/hexanes (1: 9) , R f - 
"0.I9. 

Lithium bis ( trimethylsily) amide (0.3 mL of a 1 M 
soln, 0.30 mmol) was added slowly to a -78°C suspension 
25 of phosphonium* salt 6 (82 mg, 0.15 mmol) in THF/HMPA 
(4:1V 5 mLT under argon. The reaction mixture was 
•' ;! stirred' at - 78 °C K for "another 30 'minutes, warmed to -40°C 
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for 1 hour, then re-cooled to -78°C. Aldehyde 16 {43 mg, 

0. 19 tranol) in. THF (1.5 niL) was added, dropwise to the 
above yellow ylide solution at -78°Ct ; After 1.2 hours, 
the reaction was quenched with 50% aqueous NH 4 OAc solution 

5 and extracted with EtOAc (3 x 20 mL) . The combined 

organic extracts were washed with H z O (5 mL) , brine (5 
mL) , . dried over Na 2 S0«, and evaporated in vacuo C The 
residue was dissolved in Et z O and treated with excess 
ethereal CH 2 N 2 for 15 minutes. Evaporation of all 
volatiles in vacuo and purification of the residue via 
PTLC [Si0 2 : . Et 2 0/hexanes (7:3) ;-: R f - 0.56} gave THP-ester 
r 1.7 (3.5 mg, . 53%) as a colorless oil-. „' *H NMR (250 MHz, 

CDC1 3 ) : 51.20 (s, 3H) , 1,23 (s„: 3H) , 1.23-1.85 (m, 12H) , 

1. 95-2. 2,0 r (m, 4H) , 2.34 ( t y . Jr-7 . 6 . Hz , -2H) , 2.70-2.9.0 (m, 
15 6H) , 3.35-3.50 (m, 1H) , 3... 68 (s, 3H) , 3 <85-4v00 ( m, 1H) 

4. 68-4. .74 ,(m, 1H) , 5.20 r 5..4 5 (m, 8H|- ........ 

A ; mixture of THP -ester 17 : (35 mg,.. 0 .08 mmol) and 
PPTS (2 mg) in MeOH ( l mL); ^asycstirred, at room 
temperature for 1 hour. Evaporation of: the solvent in 
20 .:. vacuo, and purification of :the ; iresitiue via PTLC [Si0 2 : 

Et 2 0/hexane (7:3), R f ; > 0 . 3&] afforded hydroxy-ester 18 
.t.(23,mg, 80%) as a colorless o'il". ' »H foMR (CDC1 3 , 250 MHz): 
^ . 51.23 (s> 6H) , 1.30;-1.;52" (m, 6H)\ 1.71 ■ (quintet, J-7.2 

- Hz , 2H) , 2 . 02 -2 . 20 Cm/ *») , 2 . 35 (t ,- J-7 . 4 Hz , 2H) , 2.74- 
25 : 2 . 90 (m, 6H) , 3 . 67 ( s, 3Hk 5 . 25-5 . 46 r : (m, 8H)" . 

A mixture of ester 18 (11 mg, 0 .03 'mmol ) and aqueous 
LiOH (0.17 mL of a 1 M soln, 0.17 mmol) in THF/H 2 0 (4:1, 
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• 2.5 mL)".was stirred at room temperature for 12 hours. 

The pH of the reaction was adjusted to 4 by addition 1 M 
aqueous oxalic acid and the acidified solution was 
. extracted with EtOAc (3 x 5 mL).. The combined organic 
5 extracts were washed with H 2 0 (10 mL) , brine {10 mL) , and 
. evaporated in vacuo to : furnish acid 20 , 20-Dimethyl -20- 
HETE (1.9) (9.8 mg, 93%) as a colorless oil. >H NMR 
(CDCli, 250 MHz) : 51.21 (s,6H), 1.30-1.52 (m, 6H) , 1.71 
(quintet, J~7.-3Hz, 2H) ,- ; -2 . 03 -2 . 20 (m, 4H) , 2.33 (t, 
10 J-7.6 Hz,2H), 2.72-2.87 fm, 6H) , 5 . 25-5 . 45 (m, 8H) . 

- • Preparation of 14, 15-Dehydro-20-HETE (26): A 

•' • ; mixture of ester 7b (1.0 g, 1 i 74 mmol) and LiOH (.9 mL of 

-".L a 1 m: soln', . 9 tnmbl) in THF/H 2 0 (4:1, 20 mL) was stirred at 
. :■: room, temperature' for 12 hours, then the organic solvent 

>- 15 - was evaporated in vacuo (Scheme 3; Fig. 8B) . j The residue 
was diluted with H 2 0 (10 mL) , acidified to pH 5.5 with 1 M 
- oxalic "acid, 1 and extracted with" EtOAc (3 x 50 mL) . The 
■ combined -organic, extracts' - were washed with H 2 0 (50 mL) , 
" bf-ine ; (50 mL^ : , ' dried over Na 2 S0«V arid evaporated in vacuo 
• ::2o: " give r :acid :2 0 ^(960 mg> 98%) as a - col b"r less' oil. X H NMR 

• -\_= o-:. ?. (CDClj ,-..2 5^:. MH2) 5l,.-03, .( s , '9H) , 1 .20 ^ 1 . 42 (m, 4H) , 1.44- 
••' ,1 i-SQ (m, 2H)., .1..67 : (quintet, J-,7'.l Hz, 2H) , 1.92-2.18 (m, 

.j ::i . .;4H).., 2 .34 . (t , ..J- 7 .-2 Hz/, 2H) , '2 . 68 -2 . 88 (m, 6H) , 3.63 (t, 
; .... . J-.7. 4 -Kz, ;2H) 5i..25,5.46 (m, 8H) , 7.28-7-.47 (m, 6H) , 

25,>, 7, > 55-7 .-70. -(m, 4K) [ 7 .TLC :. :SiO z , EtOAc/hexanes ( 1 : 4 ) , R f - 
.,,..-0.15. . : . • ,• , ? .., .. .. 
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A mixture of acid 20 (960 mg, 1.72 mmol) and 1,1'- 
carbonyldiimidazole (Im 2 CO) (418 mg, 2.58 mmol) in dry 
CH 2 C1 2 (35 mL) was stirred for 40 minutes at room, 
temperature, then transferred via canula to a stirring, 
0°C ethereal 3.5 M H 2 0 2 solution (20 mL, 69 mmol) 
containing a catalytic amount of lithium imidazole. 
After 5 minutes, the reaction mixture was diluted with 
CH 2 C1 2 (25 mL), powdered KH 2 PO« (1.4 g, 10.32 mmol) was 
added, and the stirring was continued at 0°C for an 
additional 5 minutes. The resultant suspension was 
filtered through a cotton plug into an argon flushed 
flask containing a suspension of anhydrous Na 2 SO« (3 g) in 
CH 2 ci 2 (30 mL) . The react i6n mixture was stored at room 
temperature under an argon atmosphere for 12 hours, 
filtered and washed with "brine (4 dmL) until • the aqueous 
layer tested negative with starch- l 2 paper for hydrogen 
peroxide. The organic layer was evaporated in vacuo and 
the residue was dissolved in Et 2 0/MeOH (3:1, 15 mL) to 
which excess ethereal CH 2 N 2 was added slowly at 0°C until 
the yellow coloration persisted' for 15 minutes. Removal 
of the solvent in vacuo and chromatographic purification 
of the residue on a Si0 2 column afforded epoxide 21 (650 
mg, 65%) as a colorless oil accompanied by recovered 7b 
(200 mg). *H (QDC1 3 , ^ 250 MHz) : 61.05 (s, 9H) , 1.29- 

(m f, 8I ?> ' - 1 - 73 .(.quintet, J.-7.2 Hz, 2H) ,..2.12 (dt, 
f" 6 ; 3 ? nd 12 ;. 5 Hz, 2H) ,. 2.18-2.47 (m, 2H) , 2.34 (t, J-7.4 
Hz, 2H) , 2 .SI -3 .00 (m, 6H) , 3.64 (s, 3H) , 3.66 (t, J-7.1 
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Hz, 2H) , 5.28-5.58 (m, 6H) , 7.30-7.50 (m, 6H) , 7.60-7.74 
(rn, 4H) ; TLC: SiQ 2 , EtOAc/hexane (1 : 4 ) , R f - 0.39. 

A solution of epoxide 21 (650 mg, 1.1 mmol) in 
peroxide -free THF (5 mL) was added dropwise to a 
5 stirring, 0°C mixture of AcOH/THF/ saturated aq. KBr 
(20:4:3, 27 mL) under argon. After 10 hours, the 
reaction mixture was reduced in vacuo to one-quarter 
volume, diluted with H 2 0 (10 mL) and extracted thrice with 
Et 2 0. The combined ethereal extracts were washed with 10% 
10 aqueous NaHC0 3 solution, H 2 0, brine, dried over Na 2 S0 4 , and 
evaporated to dryness in vacuo. Passage of the residue 
through a short Si0 2 column furnished bromohydrin 22 (700 
mg, 94%) as an inseparable mixture of regioisomers. *H 
NMR (CDCl 3 , 2 50 MJiz) : . 61.05 f (s ? 9H) , 1 . 16- 1 . 48 (m, 4H) , 
15 1.49-1.64 (m, 2H) , 1 .71 (quintet, J-7.3 Hz, 2H) , 1.80- 

2.07 (m, 2H) , 2.13 (dt, J~6 . 5 and 13 . 3 Hz , 2H) , 2.35 (t, 
J-7.3 Hz, 2H) , 2.42 (t, J-6.5 Hz, 1H, D 2 0 exchangeable), 
2.66-2.95 (m, 4H) , 3.41-3.57 (m, 1H) , 3.64 (t, J-7.2 Hz, 
2H) , 3.65 (s, 3H) , 4.00-4.15 (m, 1H) , 5 . 27 - 5 . 61 (m, 6H) , 
20 7.27 (m, 6H) , 7.59-7.70 (m, 4H) ; TLC: Si0 2 , EtOAc/hexanes 
(1:4) , R f ~ 0.39. 

A solution of bromohydrin 22 (700 mg, 1.05 mmol) xn 
^ acetone (4 mL) was added dropwise to a' -20°C solution of 
"Jones rfeagerit (0.7 mL of a 2 M soln, 1.57 mmol) in 
25* acetone (15 mL) V ^ The reaction was quenched after 30 

v "minutes by the slow addition of excess i-PrOH, filtered 
to remove' chromium'salts, and the filtrate was evaporated 
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in vacuo. The residue was partitioned between H 2 0 (10 mL) 
and Et 2 0 (8 mL) . The layers were separated and the 
aqueous fraction was extracted twice more with Et 2 0. The 
combined ethereal extracts were washed with brine (10 
mL) , dried over Na 2 SC> 4 , and evaporated in vacuo. 
Purification of the residue on a Si0 2 column produced 
bromo-ketone 23 (500 mg, 72%) as a colorless oil that was 
immediately used in the next step. l H NMR (CDC1 3 , 25Q 
MHz): 51.07 (s, 9H) , 1.20-1.80 (m, 8H) , 2.02-2.17 (m, 
2H) , 2.34 (t, J-7.4 Hz, 2H) , 2.64-2.91 (m, 4H) , 3.40-3.54 
(m, 2H) , 3.64 (s, 3H) , 3.66 <t, , J~6 . 1 Hz, 2H) , 4.17- 
4.85 (m, 1H) , 5.25-5.70 (m, 6H) 7 7 . 30-7 . 48 (m, 6H) , 7.60- 
7.78 (m, 4H) ; TLC : Si0 2 , EtOAc/hexane (1:4), R f ~ 0.46. 
A mixture of bromo-ketone 23 (400 mg, 0.599 mmol) , 
15 tosylhydrazine (224 mg, 1.199 mmol), and hydroquinone (7 
mg, 0.06 mmol) was stirred in CH 2 Cl 2 /HOAc . (2 : 1 , 9 mL) at 
room temperature under an argon atmosphere for 32 hours, 
then diluted with H 2 0 (20 mL) , and extracted with Et 2 0 (3 
x 50 mL) . The combined ethereal " extracts were washed 
with H 2 0, brine, dried over Na 2 S0 4 , and~ evaporated in 
vacuo. Purification via Si0 2 column chromatography 
afforded acetylene 24 (140 mg, 41%) as a colorless oil. 
*H NMR (CDC1 3 , 250 MHz) : 61.05 (s, 9H) , 1.41-1.60 (m, 
6H) , 1.72 (quintet , J~7.2Hz, 2H) , 1 . 97-2 . 19. (m, 4H) , 
2.31 (t, J-7.3 Hz, 2H) , 2 . 68-2 . 84 ' (m, 4H) , 2.85-2.98 (m, 
2H) , 3.63 (t, J-7.1 Hz, 2H) , 3^65 ( sT 3H) 7 5 . 29- 5 . 50 (m, 
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6H) , 7.33-7.48 (m, 6H) , 7.63-7.72 (m, 4H) ; TLC : Si0 2 , 
Et 2 0/hexane ( 1 : 1) , R f - 0 . 53 . 

A mixture of silyl methyl ester 24 (140 mg, 0.245 
mmol) and n- tetrabutylammonium fluoride (1.2 mL of 1 M 
5 soln, 1.2 mmol) in anhydrous THF (5 mL) was stirred at 
0°C under an argon atmosphere for 12 hours, then 
evaporated to dryness in vacuo. The residue was 
dissolved in EtOAc (50 mL) and washed with H 2 0 (30 mL) , 
brine (30 mL) , dried over Na 2 S0 4 , and evaporated in vacuo. 
10 Purification of the residue via Si0 2 column chromatography 
gave hydroxy-ester 25 (50 mg, 62%) as a labile, colorless 
oil. 1 H NMR (CDC1 3 , 250 MHz): 51.36-1.67 (m, 6H) , 1.72 
(quintet, J-7.3 Hz, 2H) , 2.02-2.24 (m, 4H) , 2.33 (t # 
J-7.5 Hz, 2H) , 2.75-2.88 (m, 4H) , 2.89-3.00 (m, 2H) , 3.65 
15 (t, v J-6.8 Hz, 2H) , 3.67 (s, 3H) , 5.30-5.53 (m, 6H) ; TLC: 
Si0 2 , EtOAc/hexane (1:3), R f - 0.14. 

Ester 25 (4.8 mg, 0.014 mmol) and Li OH (72 /xl of a 1 
M spln,„ 0.0 72 mmol) were stirred at room temperature in 
THF/H 2 0 (5:2, 1.5 mL) under an argon atmosphere for 12 
20 hours. The reaction mixture was adjusted to pH 6.5 with 
1 M oxalic acid and extracted thrice with EtOAc . The 
combined organic extracts were washed with H 2 0, brine, 
' dried over Na 2 S0 4 ," and evaporated in vacuo to afford 

acetylenic acid 26 (4.7 mg, >95%) as" a labile, colorless 
25 oil. ^ NMR (CDCI3, 250 MHz): 51.35-1.65 (m, 6H) , 1.71 
(quintet, J-7.3 Hz, 2H) , 2.02-2.24 (m, 4H) , 2.37 (t, 
J-7.3 Hz, 2H) , 2.70-2.88 (m, 4H) , 2.89-2.99 (m, 2H) , 3.67 

-33- 



i 



BNSDOCID: <WO 994331 0A2_t_> 



WO 99/4^^ Cs t V# PCTAJS99/04020 

It, J-6.4 Hz, 2H) , 5.28-5.54 (m, 6H) ; TLC : SiG 2 , 
EtOAc/hexane (3:7), R f ~ 0.15. 

Preparation of 19(S)-HETE (34) and 19 (R) -HETE 
(36): An ethereal solution (2 mL) of 4 -bromobutene (1.31 
: 5 g*.9»76 mmol) was added dropwise to a suspension of 

freshly activated magnesium turnings (238 mg, 9.79 mmol) 
in Et 2 0 (7 mL) t at 0°C (Scheme 4; Fig. 8D) . The reaction 
was warmed to room temperature and maintained for 3 
hours. The resultant homogenous, pale yellow solution of 
10 Grignard 28- was transferred via canula under positive 
nitrogen-: pressure to & stirring . suspension of CuCN (88 
' mg, ,0;98 mmol)-., in dry THF (.10. mL) at -20°C. Aft-er 20 
r minutes, (S) -.( r ) -propylene; oxide . v ( 27) , (94 . 6 mg, 1.62 

mmol) was added neat to the/ homogenous cuprate solution 
15 . which was, then, allowed to stir at 0 f °C for 12 hours. The 
reaction, was .quenched .using, saturated aq . NH 4 C1 solution 
and extracted with EtOAc J 3 x 10 mL) . The Combined 
organip, extracts were washed with H 2 0 (2 x 10 mL) , brine 
_ (50 mL) ,,. dried over Na 2 S0 4 , r an<3 . evaporated in vacuo. 
2 0 Purification of the residue via, r SiQ 2 , column chromatography 
^provided alcohol-, 29; (623 :) mg : , : c >81%) as ; a colorless oil. *H 
^ NMR ; ( GDC1 3 2 50 MHz) : , 61 . 2 0, . (d t i J~6 , 7- Hz, 3H) , " i. 32 - 1 . 37 
* ■ (m,. 4H) , 1 . 91-2 . 12- (m, :i 2H) > 3 . 80-3 t 82, (m, 1H) , 4.93-5.05 

' (m, 2H) 5 . 7§-5.,88; ;f (rn> L 1H> TLC ; r . SiC 2 Et 2 0/hexane (1:1), 

25 R f . -.,,0 .52... ■., ;• •• r> , v .; r .. , . . 

. . , ,AgN0 3 (-54 3 , mg, - 3.w v 21. ? mmol) - and tert- 
- butylchlorodiphenylsilane (j840 mg, 3.05 mmol) were added 
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sequentially to a room temperature solution of alcohol 29 
(317 mg, 2.78 mmol) in THF/pyridine (14:1, 10 mL) . After 
12 hours, the reaction mixture was filtered through a pad 
of CELITE and the filter cake was washed with Et 2 0 (10 
5 mL) . The aqueous filtrate layer was separated, extracted 
with Et 2 0 (2 x 10 mL) , and the combined ethereal extracts 
were washed with saturated aqueous CuS0 4 solution, H 2 0 (2 
x 50 mL) , brine (50 mL) , dried over Na 2 S0 4 , and all 
volatil.es Were removed under reduced 'pressure . 
0 Purification of the residue via Si0 2 column chromatography 
1 (5% Et 2 0/hexane) secured silyl ether 30 (820 mg, 84%) as a 
mobile, colorless oil. 1 H NMR (CDC1 3 , 400 MHz): 51.05 
" ; (s; 9H) : , 1.08 r> (d, d~6.4 Hz, 3H) , 1 . 32 - 1 . 60 (m, 4H) , 1.92- 
: L ' 2\0T ■•(m,^2H) > 3.80-3,92 (m, 1H) ; 4,91-5.00 (m, 2H) , 5.70- 
/5 "' : 5.81° (m; 1H)', '7 : ;33-7;48 (m, -6H) , 7.64-7.75 (m, 4H) ; TLC : 
c Si6 2 , Et6Ac/hexa[ne ! (1: £) , : R f ^ - 0 . 9~. 

* ^'Ozo'he was biibbled throiigh a 0°C solution of 30 (500 
X ' mgr 'l .42 mmdi) : in dry CH 2 Cl 2 :; (5 mL) for 15 minutes, >at 
: 'which 'ti^' TLC' Analysis revealed no remaining starting 
20 ; : material / ; The -reaction mixture was briefly flushed with 
1 argon, then excess Me 2 S (2 mL) was. added with stirring as 
; the mixture Was; warmed to room temperature. After 12 
J ; 1 hburk, all vblatiles' were removed imvacuo and the 

residue was piiirif ied^via Si0 2 column chromatography to 
25 afford aldehyde 31 (387 mg, 77%) as a colorless oil. *H 
NMR (CDCI3 , 250 -MHz) : ' 51 .05 (s, 9H), 1.08 (d, J-6.2 Hz, 
: f 3H) , i. 39-1. 50 Cm, -2H) , 1.51-1.70 (m, 2H) , 2.29 (dt , J-1.8 
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and 7.1 Hz, 2H) , 3 . 78 -3 . 95 (m, 1H) 7 • 32-7 .49 (m, 6H) , 
7.62-7.73 (m, 4H) , 9.67 (t, J-l . 8 Hz, :1H) ; TLC: SiO z , 
EtOAc/hexane (1 : 9) , R f - 0 . 39 . 

Wittig condensation of aldehyde 31.(1.81 mg, 0.507 
mmol) with ylide 6 (220 mg) and esterif ication of the 
adduct .using diazomethane as described for the conversion 
of 12 to 7 (Scheme 1) provided adduct ' 32 (144 mg, 66%) as 
a colorless oil -following PTLC purification [Si0 2 : 
EtOAc/hexane (1:4), R f - 0.64]. *H NMR (CDC1 3 , 250 MHz): 
51.05 -(s, 9H), 1.07: (d, J-6.3 Hz, 3H) , 1.30-1.49 (m, 4H) , 
1.72 (quintet,; J-7 . 3 Hz, 2H) ; 1.90-2?03 (m, 2H) , 2.05- 
. .2.15 .<m, -2H) , 2.33; (t , . J-7. 4;. Hz;,-2H) ; , 2.64-2.89 (m, 6H) , 
3.67 (s, 3H) , 3.75-3.9Q (m, : 1H) , 5y.20-5.47 (m', 8H) , 7.28- 
7 . 49 (m, 6H). , . 7 . 62 - 7 . 71 . (m, . 4H) . 
15 . Desilylation of 32 (450. mg). to -give hydroxy-ester 33 

(210. mg, .78%) followed rthe procedure /described for the 
conversion .of 1 _ to,, 8 (Scheme 1) . 1 , 1 Hf WMR (CDC1 3 , 250 MHz)': 
61.20 (d, J-6.3 Hz,. : 3H) 1.40-1.53 (m, 4H) , 1.71 
(quintet,-, -J-7 , 4 Hz,:, 2H)., - 2 . 06 *"2 . 17 : (tft/ "4H) ,-2.33 ( t , 
20 ■ Jr-7,4,: 2H) ,•; 2.74-2 ..8:8. (m, 6H) , 3.68 (s ; 3H) , 3 . 75-3 . 86 

1..H) 5.32-5.4 9 (m, 8H) ; -TLC: Si0 2 ; EtOAc/hexane (1:3) , 
: Rf - 0.23 . r.,. i M '. .r. 1 ;■<■> n^s -i-: • ••- 

,. : rm : Diethyl, azodicarboxylate (DEAD) (68 mg, 0.387 mmol) 
was. added neat to a stir ; ring,. ' room 'temperature solution 
25 of .alcohol 33 ( lpfi_ -.mg c .q^a*?,- -pmol W- Ph 3 P, (102 mg, 0.389 
mmol ) , . and benzoic; acid, ( ( 48. : mg, r , ;0..:.38}9 mmol) in dry 
benzene (3 mL) a under a n :: . argon -atmosphere. After 2 hours, 
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all. volatiles were removed in vacuo and the residue was 
purified via Sio 2 column chromatography to give benzoate 
35 (109 mg, 83%) as a colorless oil. a H NMR (CDC1 3 , 250 
MHz) : 51.37 <d, J-6.2 Hz, 3H) , 1.41-1.53 (m, 2H) , 1.61- 
5 1,79 (m, 4H) , 2.10 (q, J-7,3 Hz, 4H) , 2.32 (t, J-7.4 Hz, 
2H> ,. 2.75-2.90 (m, 6H) , 3.69 (s, 3H) , 5.18 (m, 1H) , 5.34- 
5.46.(m, 8H), 7.45 (t,, J-7.1 Hz, 2H) , 7.56 (t, J-7.1 Hz, 
, r 1H) , 8.04 (d, . J-7.1 Hz , 2H) ;. TLC : Si0 2 , EtOAc/hexane 
(1:3.) , R f - 0.54. , , , 
10 , Hydrolysis of esters 33 and 35 to the corresponding 

19(S).-HETE (34) and 19 (R) -HETE. (36) , respectively, was 
: conducted: as : described for the conversion of 18 to 19 
'' (Scheme 2; Fig. 8B). ; 

Preparation of 20-Hydroxyeicosa-5 (Z) , 14 (Z) - 
,15 , ' dienoic Acid (50) : A solution of 5-hexynoic acid (37) 
~ ■ (3 :-4 g, : 30-.-35 mmol )" in j Et 2 6 (6 mL) was added dropwise to a 
" ' s-tdrring, 0°C ...'solution of LiAlH« (860 mg, 22.7 mmol) in 
. .; : Et 2 0 (2 0 mL) under argon (Scheme 5 ; Fig. 8E). The 
? f reaction mixture was brought to room- temperature and 
20 •;. .maintained for 3 hours > then [ cooled to 0°C and quenched 
.-. • : with , saturated -aqueous Na 2 SO; solution . : The resultant 

suspension was filtered through a bed" of CELITE and the 
. .• f i:lter:.-c^ke jwas. washed .with Et 2 0. The combined ethereal 
■ - - filtrates were- sdried over Na 2 SO« and evaporated in vacuo 
25: • ; C6/£xve\ S-hexyri-i-or n (3ft)- (3.02 g, 91%) as a colorless 
• oil Sufficiently pure to be used "in the next step without 
farth-r purifi'catron. '*H NMR (CDC1 3 ,- 400 MHz): 53.67- 
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3.69 (rn, 2H) , 2.25 (dt, J-2.4 and. 6 . 4 Hz, 2H) , 1.96 (t, 
J-2.4 Hz, 1H) , 1.57-1.72 (m, 4H) ; TLC: Si0 2/ EtOAc/hexane 
(3:7) , R f - 0.38. 

tert-Butylchlorodiphenylsilane (10.1 g, 36.97 ntmol) 

5 was added over 5 minutes to a room temperature solution 
of alcohol 38 (3.02 g, 30.81 mmol) and imidazole (2.51 g, 
36.97^mmol) in CH 2 C1 2 (25 mL) . After 12 .hours, the 
reaction mixture was diluted with CH 2 C1 2 (70 mL) , washed 
with ]H 2 0, brine, dried over Na 2 S0 4/ and evaporated in 

10 vacuo,. . Purification of the residue on a Si0 2 column (5% 
EtOAc/hexane) afforded silyl ether 39 (8.4 g, 86%) as a 
Pale yellow oil ; r H NMR .(CDjG1 3 , 400 MHz) : 57 . 65 (dd, 
J~l,6 and 1.6 Hz, 4H) . , : 7 , 3 t 5-7 . 42 (m^ 6H)-, 3.65 (t, J-6.8 
Hz,,2H), v 2.19-2.22 r (m, 2H) , 1 . 92 - 1 . 94, (m, 1H) , 1.55-1.71 

15 (m, 4H) , 1 ; 10 (s, ^H); TLC: Si0 2/ EtOAc/hexane (15:85), R f 
- Q.56. 

n-BuLi r (0 . 66 mlj. of a „ 1 . 6 M spin in; hexahe, 1 . 05 
mmol) .was added dropwise to . a -40°C, solution of silyl 
ether. ?9 (320 mg, 0 . 96 mmol ) . .in THF (6 mL) followed by 

20 : the addition of. anhydrous HMPA r<l .5 mL) c . After 1 hour, a 
r.splution of a.-bromo-7- (tetrahydrppyranyloxy) heptane 
(Neeland, et al. , Jx Q^^^ Qh^JIL^ jS9 il3B3r-7394 t 1994) (40) 

' ! ; m (291. mg,orl.05 mmol ) . in., THF < 2 mL), was slowly added. The 
reaction mixture, wfis: brought to; room temperature over 2 

25^ f ; hours; and; .maintained at that -temperature for 12 hours, 
then quenched- at ( Q°G , using- saturated aqueous NH 4 C1 
splutdon. The with Et 2 0 and 
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the combined ethereal extracts were washed with H 2 0, 
brine, dried over Na 2 S0 4 , and evaporated in vacuo. 
Purification of the residue via Si0 2 column chromatography 
(5% EtOAc/hexane) gave adduct 41 (310 mg, 63%) as a 
5 mobile oil. X H NMR (CDCl 3/ 400 MHz): 57.66 (dd, J-1.6 
and 7.6 Hz, 4H) , 7.35-7.42 (m, 6H) , 4.56-4.58 (m, 1H) , 
3.83-3.88 (m, 1H) , 3.71-3.75 (m, 1H), 3.67 Ct , J-6 Hz, 
2H) , 3.46-3.50 (m, 1H) / 3 . 34 -3 . 39 (m, 1H) , 2 . 11-2 . 16 (m, 
4H), 1.78-1.88 (m, 2H) , 1.42-1.77 (m, 12H) , 1.29-1.41 (m, 
10 6H) , 1.08 ^(s,9H); TLC : Si0 2 -, EtOAc/hexane (lS : 85), R f - 
0.70. -» \ ; •■ „ : - ' : . ' ■ i- , . . 

"-■ *• " A mixture * of acetylene 41 (2 . 01 ~g, '3 . 93 mmol) and 

* : pyridlnium p- toluenesulf onate (98 mg,- 0.393 mmol) in MeOH 

c ' ? * ' (12 mL) was stirred at room temperature for 12 hours, 

15 * then concentrated in vacuo." The residue was purified via 
Si0 2 column chromatography using EtOAc/hexane (1:9) to 
^give alcohol 42* (1'. 6'i* g, ' 92%) as a colorless oil. X H NMR 
4 : '(CDClj, 4 00 MHz) : 57^66 (dd, ''J- 1 . '6 and 7.6 Hz, 4H) , 7.35- 
' 7.41 (fn, 6H) )' 3 "l {i 6T (t , J~6 . 4 Hz , ^ 2H) , * 3 . 59 - 3 . 65 (m, 2H) , 

'"• "■'■ r ! :e: ' 20" 2 . 11-2 .17 (m, 4H) , 1 . 62 - l V'68 ■ (m,' 2H) , 1 . 52 - 1 ; 60 (m, 4H) , 
- v ° i* J41-iv4SP '(m, T 2H), 1 . 32 - 1 . 3 9 (m, :i 6H)" V ' 1 . 04 (s, 9H) ; TLC: 
v 1 : : ^ Si0 2 , : EtOAc/hexahe" ( 2 \ 3 ) , ±R C - 0 J33\ 

: - - . *•:'' ^Carbon tetxabromide ( 124 mg, 0.3 73 mmol), PPh 3 (98 
^ i l mg, 0v373~ mmol)'/ ahdv: pyridine (31 /zl, 0.373 mmol) were 
" 215 ! added : -sequent ially^ to ^-0°C' soloition'-bf alcohol 42 (140 

^ -mg; •0-V3l-l* : mmolO' 1 in- CH 2 C1 2 7 (5 mL) : . After 3 hours, all 
" '* volatriles were- Removed ^iii vacuo and the residue was 
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purified via Si0 2 column chromatography (2% EtOAc/hexane) 
to give bromide 43 (148 mg, 91%) as a - colorless oil. X H 
NMR (CDC1 3 , 400 MHz): 57.66 (dd, J-1.6 and 8 Hz, 4H) f 
7.35-7.41 (m, 6H) , 3.67 (t, J-6.2 Hz, 2H) , 3.38 (t, J~6.4 
5 Hz, 2H) , 2.11-2116 (m, 4H) , 1.84 (quintet , J-7 . 4 Hz, 2H) , 
1.62-1.67 (m, 2H) , 1 . 55 - 1 . 61 (m, 2H) , 1.31-1.48 (m, 8H) , 
1.04 (s, 9H) ; TLC: Si0 2 , EtOAc/hexane (1:9), R f - 0.58. 

n-BuLi (0.45 mL of a 1.6 M soln in hexane, 0.72 
mmol) 'was added dropwise to a -40°C solution of 7- 

10 (tetrahydropyran-2-yloxy) -1-heptyne (Bestmann, H.J., et 
al., Synthesis 123 9-- 1241 . 1992) (.44) (60 mg, 0.65 mmol) 
in THF (8 mL) and HMPA ..(2 mL); under an argon atmosphere . 
After 1 hour, cU solution, bfc bromide 43, (376 mg, 0.72 
mmol) in THF ! ( 1 mL) was introduced s and; the reaction 

15 mixture was then warmed- to room temperature over 1 hour. 

Following an additional 16 hours at ; ambient , the reaction 
was quenched with saturated aquedus -NH 4 C1 solution and 
extracted with Et 2 6 (3 x 6 j niL)? *The^ combined organic 
extracts were washed" with H 2 0, ^bflne', - -dried over Na 2 S0 4/ 

20 arid evaporated in vacuo. * Purification of : the residue via 
* 'SiOj'cdlumn chromatography using%% -BfeOAc/hexane as eluant 
provided bis-acetyiehe 4S :; (84 : mg; 61%) as a pale yellow 
' oil. *H NMR (CDCI3V 400 ] MHz) : : 57.66 (dd, J-1.6 and 8 Hz, 

> ' r 4H) , 7.35-7.41 (m, 6H)v 4\ 55 -4 . 57: ; (m;- 1H) 3.84-3.89 (m, 

25 1H) ; 3:70-3 .76? (4n,,MH)', ^3 't:£7>-. (£J,;: t\J~G ::2 Hz-,> 2H) , 3.47-3.52 
J(m, 1H) , 3.35-3V41 (m, <1H);, 2. lfCtr2. ^rlfl: (m, 8H) , 1.88-1.92 
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' (m, 1"H),~ 1.41-1.65 (m, 19H) , 1.28-1.40 (m, 6H) , 1.04 (s, 

9H) ; TLC: SiO 2 , EtOAc/hexane (1:9) , R f 0.7. 

NaBH 4 (32 mg # 0.8 mmol ) was added portionwise to a 
.stirring solution of nickel(II) acetate tetrahydrate (200 
5 - mg, 0.8 mmol) in EtOH (60 0 mL) under a hydrogen 

atmbsphere . After 30 minutes, 45 (5.80 g, 16 mmol) in 
EtOH (50 mL) was added followed by freshly distilled 
■ethylenediamine (4.8. g)^ The heterogenous mixture was 
maintained at room temperature under hydrogen (1 atm) 
10 , f or 3 hours #; then diluted, with Et 2 0 ( x 600 mL) and filtered 
through a; pad of Si0 2 . Concentration of the filtrate in 
- - \ . vacuo yielded diene. 46 .(4.40 g,. 84%) as a colorless oil 

:^ that' required- no. further-, purification./, L H NMR (CDC1 3 , 4 00 

: . i MHz);. 5;;6-6. -(dd,..iJ-l .6 and 8 Hz, 4H) 7 . 35-7 . 41 (m, 6H) , 
; 15= 5; .3)0 -5,. 35 (m, 4H) :/ - 4 . 55 - 4 *- 57 (m, 1H) , 3.70-3.76 (m, 1H) , 
. : -3 ,65 (t ,. . J~ ; 6 .,4 Hz, 2H) ; 3 .47-3 . 50 lm, 1H) , 3.35-3.40 (m, 
. = . i ' . . 1H) .1 ..96 -2 .09, . (m, : 8H)_,-> -1. 80.-1- . 91 -(m, V 1H) , 1.65-1.79 (m, 
;v. : - , v- ; :.;lHKr-l . 51- T vL . §2 , (m, 8H).,- 1.21-1.. 42 (m, 16H) , 1.04 (s, 9H) ; 
,-- v , ;-,:-/;TLC: :; Si0 2f ; EtOAc/hexane ( l. : : 9) , .R ?:: ^ 0,75. 

i 20 : j- . -, : . . A mixture pf 46 ,(196. -mg # 0 rr 311 ; mmol) and n- 
r v - -'\ ;; A;. tetrabutylammon f luoride (1 . 55. mL ,g£ a 1 M soln in 
' , ~ r THF, L.55> mmolj in^THF . (4 mL) was stirred at room 

temperature -ipr 3 hours,, then evaporated to dryness in 
vacua:- Purification of the residue, via Si0 2 column 
*■ 25 i* chromatography using 10%. EtOAc/hexane as eluant provided 
alcohol 47 (102 mg, 8:4%) as a pale yellow oil. *H NMR 
(CDC1 3 , 400 MHz) : 65.34-5.40 (m, 4H) , 4.56-4.58 (m, 1H) , 
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3.84-3.89 (m, 1H), 3.70-3.76 (m, 1H) , 3.62-3.65 <m, 2H) , 
3.47-3.52 (m. 1H) , 3 .35-3 .41 . (m, 1H) , 1.96-2.09 (m, 8H) , 
1.79-1.90 (m, 1H), 1.62-1.78 (m, 1H) . 1,51-1. 61 (m, 8H) , 
1.22-1.43 (m, 16H) ; TLC: EtOAc/hexane (3:7), R f - 0.52. 
5 A solution of alcohol 47 (11.4. mg, 0.036 mmol) and 

pyridinium dichromate (PDC) (81 mg, 0.216 mmol) in dry 
DMF (1.5 mL) was stirred at room temperature for 20 
hours, then diluted with H 2 0 (2 mL) and extracted with 
EtOAc (3 x 5 mL) . The combined organic extracts were 
10 washed with H 2 0, brine, dried over Na 2 S0 4 , and evaporated 
The residue was dissolved in Et 2 0/MeOH (4:1, 3 mL) and 
exposed to excess CH 2 N 2 at 0°C for 30 minutes. All 
volatiles were removed in vacuo and the residue was 
purified by PTLC [Si0 2 , EtOAc/hexane (2:3), R £ - 0.65] to 
15 give ester 48 (7 mg, 62%) as a colorless oil. >H NMR 

(CDClj , 400 MHz) : 55 .35-5 . 41 (m ? 4H) t 4_ 56-4 . 58 (m, 1H) , 
3.84-3.89 (m, 1H) , 3.70-3.76 (m, 1H) , 3.66 (s, 3H) , 3.47- 
3.52 (m, 1H), 3.35-3.41 (m, ; 1H) , 2.31 (t, J~7.6Hz, 2H) , 
1.94-2.09 (m, 8H), 1.78-1.90 (m, 1H) , ; 1.64-1.78 (m, 1H) , 
20 !• 45 "1.62 (m, 6H) , 1.21-1.42 (m, 16H) . 

.,- A solu tion of the above THP- ester 48 (7 mg, 0.016 
mmol) and PPTS (1 mg) was stirred in MeOH (1 mL) at room 
^ em P e : rature ; After 12 hours, the solvent was removed in 
vac "°; a ? d the residue f was dissolved in.EtOAc (4 mL) , 
2 ^ .j wash ^ d with H 2°', . ferine. _> ,. dr|ed . and. . eyapqrated. r to dryness. 
? uri fication of the residue via. PTLC (Si0 2 : EtOAc/hexane 
(2:3), R f - 0.42) afforded hydroxy-ester 49 (4.3 mg, 80%) 
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as a. colorless oil. X H NMR (CDCl 3 , 400 MHz) : 65.36-5.42 
(m, 4H) , 3.67 (s, 3H) , 3.66 (t, Hz, 2H) , 2.31 (t, 

J-7.2 Hz, 2H) , 1.99-2.08 (m, 8H) , 1.68 (quintet, J-7.2 
"Hz, 2H) , 1.55-1.61 (m, 2H) , 1.28-1.39 (m, 15H) . 
5 Hydrolysis of hydroxy- ester 49 (11 mg, 0.034 mmol) 

was achieved using NaOH (0.134 mL of a 1 M soln in H 2 0) in 
THF/H 2 0 (5:1, 2 mL) at room temperature overnight. The 
THF was removed in vacuo and the remaining aqueous 
mixture was acidified to pH 4 using 1 M oxalic acid. The 
10 resultant cloudy suspension was extracted with EtOAc (3 x 
5 mL) and the combined extracts were washed with H 2 0, 
brine, dried over Na 2 S0 4 , and evaporated in vacuo. 
Purification of the residue via PTLC [Si0 2 : EtOAc/hexane 
(1:1), R f - 0.3] gave 20-hydroxyeicosa-5 (Z) , 14 (Z) -dienoic 
15 ' Acid" (SO) (8 mg, 78%) as a pale yellow oil. X H NMR 

(CDC1 3 ', 300 MHz ) : 65.36-5.42 (m, 4H) , 3.66 (t, J~6 . 8 Hz, 
2H) , 2 .35 (t , J -7. 5 Hz, 2H) , 1.98-2.11 (m, 8H) , 1-6-9 
(quintet, J-7.5 Hz, 2H) , 1.56-1.60 (m, 2H) , 1.28-1.39 (m, 
15H) .' " " !>) ' " ' " I 

20 Preparation of 20-Hydroxyeicosa-6 (Z) , 15 (2) - 

dienoic Acid (54): A mixture of diene 46 (92 mg, 0.146 
mmol) and PPTS (10 mg) in MeOH (4 mL) was maintained at 
room temperature overnight, concentrated in vacuo to 
remove the methanol, diluted with EtOAc (20 mL) , washed 
25 J "With H 2 0, br'ineV dried over Na 2 S0 4 , arid evaporated to 

dryness ih vacuo (Scheme 6). Purification of the residue 
via Si6 2 column chromatography gave alcohol 51 (62 mg, 
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79%) as a colorless oil. *H NMR (CDC1 3 , 400 MHz): 57.66 
(dd, J-1.6 and 8 Hz, 4H) , 7.35-7.41 (m, 6H) , 5.36-5.42 
(m, 4H) , 3.61-3.67 <m, 4H) , 1.96-2.09 (m, 8H) , 1.55-1.66 
<m, 6H) , 1.22-1.41 <m, 15H) , 1.04 (s, 9k); TLC : 
5 EtOAc/hexane (2:3), R f ~ 0.45. 

Alcohol 51 (62 mg) was converted to ester 52 (65%) 
as described for the transformation of 47 to 48 (Scheme 
5). *H NMR <CPC1 3 , 400 MHz): 57.66 (dd, J-1.6 and 8Hz, 
4H) , 7:35-7.41 (m, 6H) , 5.35-5.42 (m, 4H) , 3.66 (s,'3H), 
10 , 3.63-3.66 (m, 2H) , 2.31 (t, J-7.6 Hz, 2H) . 1.94-2.06 (m, 
8H).„. 1.60-1. 65 (m, 2H). ,. 1.55-1.6Q (m, 2H) , 1.26-1.48 (m, 
.14H) , ,1.04 (s, 9H);.TLC: EtOAc/hexane ( 1 : 1 ) , R £ - 0.62. 

. . Silyl-ester 52 (28 mg) was desilylated to alcohol 53 
(11 mg,. 80%) as described for the transformation of 46 to 
15 47 (Scheme 5; Fig. 8E) . l H NMR (CDC1 3 , 400 MHz) : 65.35- 
5.42" (m, '4H)v 3V66 (s, 3H):> 3 . &2 -3 .'65 .~{m, . 2H) , 2.31 (t, 
J-7.6 Hz, 2H) > 1..98-2..Q8 ,(m-, 8.H) / 1,,51 :T 1.69 (m, 4H) , 
1 .22-1 .49, (m, 15H). ; : TLC: SiQ 2 .- ; EtOAc/hexane (2:3), R f - 

0 ..45-.' • '■ P ■ . . !; Z- ■.; , ■ ;.: ... . ., ,, ■ 

20 • •■ ' Ester -53.(10 mg) was converted to acidr 54 (8 mg, 
' ! 78%) ; as i -described -for -the' -transformation of 49. to 50 

(Scheme 5; Fig.? 8E) . • >H NMR ( GDC1 3 , . 300 MHz): 65.30-5.42 
i • (m, 4H) r ; 3 . 66 (dt, JjO^ ^and;;6 .3 Hz, 2H) , 2.35 (t, J-7.2 
.: Hz, 2H),, 1. 98-2 . Q9 . (m i/c 8H) , l ! .54.rl.,67.: Jm, 4H) , 1.24-1.50 
25 (m. ; - 15H) ;,; TLC: EtpAc/hexane R f - 0..3. 

Preparation of 20-Hydrp|cyeicosanoic Acid (55) 
and 19-Hydroxynonadecanoic Acid (56) : A mixture of ester 
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8b (5 mg) and 10% Pd/C (2 mg) in EtOH/EtOAc (9:1, 3 mL) 
was stirred. under a hydrogen atmosphere (1 atm) for 8 
hours. After dilution with an equal volume of Et 2 0, the 
reaction mixture was filtered through a pad of CELITE and 
5 the filter cake was washed with Et 2 0 (4 mL) . Evaporation 
of the combined filtrates afforded methyl 20- 
hydroxyeicosanoate (5 mg, 98%) as a colorless gum. *H NMR 
(250 MHz, CDC1 3 ) : (1.20-i.42 (m, 30H) , 1.51-1.68 (m, 4H) , 
2.32 (t, J-7.3 Hz, 2H) , 3.65 (t, J-6.6 Hz, 2H) , 3.68 (s, 
10 * 3H) ; TLC: * EtOAc/hexaries (3:7), R f -0.37. 

LiOH (45 /xL of a 1 M aqueous soln) was added to a 
: ' stirrifi§) " room temperature solution of the above ester 
: * : r 'l5\2 mg, 0\ 015 : mmol ) in THF/H 2 0 " « ( 5 : 1 , 1.5 mL) / After 10 

• ■ '< hours-; the pH* was- adjusted to 4 using 1 M oxalic acid and 
.'15 -'the, react ion mixture, was, extracted with EtOAc (3x4 mL) . 
. .The: combined organic extracts were evaporated in vacuo to 

: : -give - 2 0 - hydroxyeicosanoic acid (55) (4.5 mg, 92%) as a 
' ^dlird; fnp 86°C\ • " l H NMR - : (250 ."MHz, CD 3 OD) : 51.20-1.45 (m, 

30H) , 1.45-1.63 (m, 4H) , 2.28 (t, J-7,4 Hz, 2H) , 3.55 (t, 
'20 " J-6 . 5 Hz, 1 >2H) ; TLC: : - 1 EtOAc/hexanes. (3:7), R c , - 0.08. 19- 
c - Jo r Kydroxynonadecanoiq , Acid -.(56-): : jwas prepared in an 
. - ' aha 1 ogou s * . mahhe r f rom,- e s t e r 8 a . 
1 - U - A Eicosatetraen-l,20-dioic Acid: Prepared from 
, : 1 20-HETET f (9a) in* 84% yield as described in S. Manna, et 
25 a)_". . ' Tetrahedron Le 1 1 . 24:33-36, 1983. 
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Mean values : ± 1 SEM are presented. The significance 
of the differences in mean values between and within 
groups was determined using an analysis of variance for 
repeated measures followed by a Duncan!s multiple range 
test. A P value of <0.05 using a two-tailed test was 
considered to be .significant. 

Results 

Effect of the position of the hydroxyl group on the 
vasoconstrictor response to 20-HETE. The vasoconstrictor 
responses to the 20-HETE derivatives are presented in 
Fig. 2. In renal interlobular arterioles, 20-HETE (10" a 
to 10" 6 M) produced a concent rat ion- dependent fall in 
diameter (-4.3 ± 0.8 to -22.5 ±1.5 /xm, n=7)(Fig. 2A) . 
The threshold concentration of 20-HETE that reduced 
vascular diameter was 10 nM. In contrast , 5 (S) - , 8(S)-, 
12 <S) , 15 (S) and 19 (S) -HETE had nb significant effect on 
the diameter of renal interlobular arteries even afi|a 
concentration of 1 (Fig. 2A) . 

Importance of other structural features 
vasocons trie tor response to 20-HETE . The effects of 
.altering the length of the carbon chain on the 
vasoconstrictor response to 20-HETE are presented in Fig. 
■ 2B. .The 21 -carbon and. dimethyl derivatives were just as 
^potent vasoconstrictors as 20-HETE. However, arachidonic 
v.aci.d, wjiich lacks a hydroxyl group on the 20- carbon, the 
f 19 -carbon analog of 20-HETE and 20 -carboxy- arachidonic 
acid had no significant effect on vascular diameter. 
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Similarly, the saturated 20-HETE derivative in which the 
double bonds were eliminated to alter the tertiary 
* structure of the molecule had no effect on vascular 
' diameter (Fig. 2B) . In contrast, the partially saturated 
5 20-HETE derivative in which only 2 of the 4 double bonds 
were removed was a potent^ a constrictor as 20-HETE (Fig. 
2B) . Interestingly, reversing the positions of hydroxyl- 
and carboxy- groups on carbon 1 and 20 in the partially 
saturated, reverse 20-HETE analog eliminated agonist 
10 activity (Fig. 2B) . 

Determinants of 2 0-HETE antagonist activity „ We 

:* I ..... 

also studied whether the inactive 20-HETE analogs could 
serve as antagonists of the vasoconstrictor response to 
20-HETE. Dose response curves to 20-HETE were generated 
15 in isolated perfused renal vessels before and after 

adding 0.5 to 1 mM of the different analogs to the bath. 
Under control conditions, 20-HETE (lO 6 to 10 6 M) produce 
a dose -dependent fall in inner diameter (-6.4 ± 1.2 to 
-21.8 ± 1.0 /xm, n = 10) (Fig. 3A) . Addition of 5- (n=5) or 
2 0 15-HETE (n=5) to the bath completely blocked the 
vasoconstrictor response to £ 2 0-HETE (Fig. 3A) . 
Similarly, after addition of 19- HETE, the C 19 -analog (n=6). 
or partially saturated ireverse 2 0-HETE (n=3) to the bath 
completely eliminated the response to 20-HETE (Fig. 3B) . 
25 Other experiments examined the effects of moving the 

hydroxy! group closer to the hydrophobic head of the 
2 0-HETE on antagonist activity. In this studies, 20-HETE 
""(lb" 8 to 10* 6 "M) produced a fall' in vessel diameter from 
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-5.3 ± 0.6 to -19.2 ± 1.9 Mm ( n =7) under control 
conditions (Fig. 4A) . Addition of 8 (S) - or 12 (S) -HETE (1 
fiM) had no significant effect on the vasoconstrictor 
response to 20 -HETE (Fig. 4A) . In the presence of 
8 (S) -HETE, 2 0 -HETE (lO- to 10« M) still decreased the 
diameter of these vessels from -2.8 + 0.7 to -16.9 ± 0.2 
jxm (n=3) . Similarly, in the presence of 12 (S) -HETE, 
20 -HETE (10-» to 10- M) still produced a fall .in vascular 
diameter from -5.5 ± 1.7 to -16.2 ± 2.9 fim (n=5) (Fig. 
4A) . 

Analogs of 2 0 -HETE lacking a hydroxy 1 group appeared 
to serve as true competitive antagonists of the 
vasoconstrictor response, to 2 0-HETE . For example, 
arachidonic.acid_. (1 r (M) reduced the vasoconstrictor 
response , to 1/xM 20-HETE as expected by 50% (Fig. 4B) . 
However, 20-carboxy-AA had no significant antagonistic 
properties (Fig. 4B) . 

We next evaluated whether the importance of the 
double bonds on 20-HETE antagonist activity. In these 
experiments, 20-HETE (10" to 1 Q-*^ m ) reduced the diameter 
of these vessels f rom -5 : 1" +• 5 : 5 to - 18.9 ±0.8 fim 
( n= 10) ( Fig . 4B ) . - Addi tion of Bier" saturated 1 9 - carbon 
analog to the bath reduced the vasoconstrictor response 
to 20-HETE by- about n 5 0Sr^( Fig . 4B>r Similarly, the 
saturated 20-HETE derivative 'also- exhibited competitive 
antagonist 4 activity^ (Fig. i5 4B7V r Ih the 'presence of this 
compound 1 , '2 0-HETE flb « 'to 1 'lO- 6 M) ! ohly r reduced vascular 
diameter by -O.iJ ^ ± : li'i' to '^- 7.0 4- ^9 'fim (n=5) (Fig. 4B) . 
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A summary of the specific examples of compounds in 
which we have demonstrated agonist or antagonist activity 
is presented in Fig. 5. As can be seen in Fig. 5, all of 
the compounds described herein with known agonist and 
5 antagonist properties require a loop structure like 

2 0-HETE with a nonpolar head and require a hydroxyl group 
or some other reactive group near the 20-carbon. If the 
compound has a hydroxy group at a distance equivalent or 
reactive group 5 or 6 carbons from the double bond, it is 
10 an agonist. If the OH group is located only 4 carbons 
from the double bond or elsewhere / it is an antagonist . 
From "these specific examples, we derived a more general 
' description "of the structure required for agonist and 
antagonist "activity 'in Fig. 6. Aiso shown are specific 
15 J examples of related' structures (Figi which would be 
predicted ori the "basis'of inf ormat ion 'presented herein 
that should exhibit agonist or antagonist activity using 
the assays described herein. 

: . .. Discussion ; , r^- r, , ^ 

, 20 . The, present- study, examined the .vascular effects of a 
r . , : series^ of analogs ; p.f 20-HETE to determine the structural 

. de^rminants, Q-f^.tihei. yasoconstricto^response -to ■ this 
• c.o.mpound. ; , Our results indicate that arachidonic acid, 
f . which dif 3 fers„ f.fom 2,0-HETE by the lack of a hydroxyl 
t 2 5.... r .. group ..on the^ 20 -carbon, • does not constrict renal 

, r .. t . interlobular arteries. ..Similarly,, 5-, 8-, 12-, 15- and 
„- : .19tHETE in which, the hydroxyl group ,is located on other 

carbons has no effect on vascular diameter. In addition, 
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a 19-carbon derivative of 20-HETE also had no effect on 
vascular tone. in contrast, 21-HETE and " dimethyl 20-HETE 
are just as potent constrictors as 20-HETE. These 
results indicate that , the vasoconstrictor response to 20- 
5 HETE is critically dependent on the presence of a 
hydroxy 1 group on the 20 or 21 carbon. 

We also examined the importance of the tertiary 
structure of 2 0-HETE to its vasoconstrictor properties. 
The characteristic, loop structure of 20-HETE and other 
10 eicosanoids is determined by interactions between the 
double bonds in .the molecule . . .Therefore, the vascular 
-responses to saturated and partially saturated analogs of 
. 20-HETE were compared to. that of the native compound. We 
found that the saturated 2 0-HETE analog had no effect on 
15 • vascular _ tone ?; whereas the partially saturated analog in 
which the double bonds between, the 5,6^and 14,15- carbons 
were intact retained vasoconstrictor activity. These 
findings indicate that ^he loop -structure of 20-HETE is 
also important to. its . vas oconst'rictor properties . 
,2 0, Perhaps ; the ; most;... excising finding in ,t.he present 

. st ??fdy is that analogs of 20-HETE that lack 

.vasoconstrictor activity can serve. as antagonists. In 
. this, regard, arachid.onip acid, 5- v i5- , 19 -HETE and the 
; 19 -HETE and the CI 9 [ analog : were .all, very effective 

antagonists of the vasoconstrictor ..response to 20-HETE. 
.There were also predictable structural, determinants of 
antagonist activity. Thus, it appears that preserving 
the hydrophobic nature of the loop structure of 20-HETE 

- . -50- 
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is critical to antagonist activity. For example, 
molecules like 12- or 8-HETE, which have a hydroxyl group 
near the head of the molecule, could not interact with 
* the putative 20-HETE binding site and did not antagonize 
5' the vasoconstrictor response to 20-HETE. From this, one 
would predict that 11 (S) - and 7(S)-HETE and 8,9- and 
11,12-EETs and DiHetes would all be ineffective as 
20-HETE antagonists. 

We also found that the double bonds and the intact 
10 loop structure of the 20-HETE analogs were important 

determinants of ^antagonist activity/ In this regard, 
" saturated "CI 9- and C2 0- analogs b£ 20-HETE were not as 

effective as the parent compounds in antagonizing the 
" r *~" vasdcdnstrictor ^ response to' 20-HETE. Similar to our 
' ' '15 '* findings with analogs with agonist activity, we found 
'thctt only one pair of double bonds is required to 
maintain antagonist activity. ' In this regard, a 
'patti'airy skttirated, reverse 2 0-HETE analog completely 
q: blocked the Vasoconstrictor response, to 20-HETE. This 
20 *co^o\ihd is "particularly interesting since it would be 
more 'biologically stable than the other analogs because 
* ' - u removal" 6f the double bonds across the 8,9- and 11, 12- 
: " : c carbons would blbck: metabolism of 'this compound by 
" ' " : ^ cycldoxygfen'ase ahS iipbxygenase ettzymes. Stability of 
25 *' this compound' couicS also be enhanced by adding an 

ioilizabie sdi ! fyirii'ttide'"%r6up to block metabolism by (3- 
oxidacion and eis'terif ication. Addition of this group has 
recently been reported to enhance in vivo bioavailabilty 
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and not alter the biological activities of 20-HETE, EETs 
and mechanism based inhibitors of the synthesis of 
20-HETE (Imig, gt al., Hypertsnsi on 33 (Part 2):408-413, 
1999) . 

5 The present finding that there are distinct 

structural requirements for the vasoconstrictor actions 
of 20-HETE and that closely-related inactive analogs 
serve as 2 0-HETE antagonists provide the first evidence 
for a 2 0-HETE receptor. The nature of this receptor 
however, remains to be determined. Classical receptors 
are generally associated with the .extracellular face of 
the membrane and are members of the 7 transmembrane 
domain family of proteins. The effects of 20-HETE on 
potassium channel activity,, vascular . tojtie and growth and 
15 sodium transport, in renal ^tubules is associated with 

activation of PKC and/or the MAP .Xinase tyrosine kinase 
activity (Sun, al . SUEEa,.. ,1 999},. ^.it : appears that 
2 0-HETE acts, more like DAG .as an intracellular lipid 
activator of kinase activity rather than a hormone or 
paracrine hormone acting on an extracellular receptor. 

Recent studies have indicated that, 20-HETE plays and 
important role as a second messenger in autoregulation of 
renal blood -flow- tubuloglomer^ar feedback, renal sodium 
• l -transport, pulmonary ' f uncVi^ri,; arid ;the mitogenic and 
.25 vasoconstrictor response- to numerous vasoactive' hormones 

and , gr ? w ^ h 3*?*-°** (Ro W'.:. 4 ii E^.^ ; -19?9)..; : The f ormation 
9 f P450 metabolites of ; AA .is,, altered in .genetic and 
experimental models of. hypertension ..(St.ec, D.E., et al., 
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Hypprtension 271 -1329- 1336 . 1996; Sacerdoti, D., et al . , 
Science 2*43:388-390, 1989; Stec, D.E., et al., 
Hypertension 27:564-568, 1996), diabetes (Imaoka, S., e£ 
al . , Biochem. Biophys . Res. Comm. 152 : 680-687, 1988) , 
5 ' * hepatorenal syndrome (Sacerdoti, D. , et al . , ±L. Clin. 
Invest . 100:1264-1270, 1997) and toxemia of pregnancy. 
20-HETE also contributes to the vasoconstrictor cations 
of angiotensin II, endothelin, and nitric oxide synthase 
inhibitors and the inhibitory effects of PTH, dopamine, 
10 All, bradykinin, endothelin/ vasopressin and TNF on 
' sodium transport in the kidney (Roman, R. J. , supra . 
- 1999) . Given the critical role of this substance in the 
: regulation of renal and pulmonary' function, vascular tone 

' and' 'the - control of arterial pressure, it is likely that 
is* 20 f HETE antagonists and" stable analogs may have 

t'heritpeutic potential in the treatment of some of these 
1 r ■■■ Jr diseases : At Very least / these analogs should provide 

""" " investigators witn very important, new tools to 
■ i '- v - investigate ^20-HETE signaling pathways and the role of 
' 20 ' L this substance in ' the control of renal and cardiovascular 
0 i ' " " :; f unctiofL. ''" Dx 

Uses of Analogs and Antagonists 

. . Re nal metabolism . of arachidonic acid bv cytochrome 
P4 5 Q ; enzyme s . 

25 ; rfc "has ''long been recognized that cyclooxygenase and 

lipoxygenase ■ enzyrn'es metabolize arachidonic acid (AA) and 
' 11 that the products' formed influence both renal function 
and vascular tone (MdGiff, J.C. , Ann. ' Rev. Pharmacol . 
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Toxicpl , 31:339-369, 199.1). However, .in. the last 10 
years, a new pathway for the , metabolism of AA has 
emerged. Indeed, recent studies have,. indicated that in 
the small blood vessels throughout the body, the 
glomerulus and tubules in the kidney; ...and,, in the 
pulmonary vasculature and airways, AA is. primarily 
metabolized by cytochrome P450 enzymes to 

epoxyeicosatrienoic acids (EETs) , dihydroxyeicosatrienoic 
acids (DiHETEs) and 19- and 20-hydroxyeicosatetraenoic 
acids (19- and 20-HETE) . It is also now apparent that 
these, metabolites, play a central role as. second 
messengers i-n, the. regulation of vascular tone, renal 
function, pulmonary function, and mediates the. detrimental 
effects, of mitogens qn b^pod.. vessels; and. the kidney in 
various dise ; ase r states ; (Harder ■■. D.R., e£ al., ^ Vase. 
- Rev_ 3 2 : : 7 9 , 92 , 19 9 5 :; t Rahman .. M , ;/! e£ a],, , ;; Aqk 

Hypertens. 10 : 35,6- 365 ; , 1997 ;, ;! McGif f , , J . C . , supra . 1991). 

Enzymes of; the cytochrome P4 50 4A : f amily (CYP 4A) 
catalyze the formation of v 2iO-HETE , ; ; oDNAs, encoding for 13 
20 .different ^sofp^ms. ,-in .,* : his. ; f_a<nijLy ,j5>£.,6iasymes >have now 
r. .been identified in various cspeeies,. :f CY ( P : 4A11 and CYP 4F2 
are expressed .in the human kidney, and CYP 4F2 appears to 
< ,, be the .isoform pramarily r -responsible s for . the formation of 
' i2Q,-,HETE in man (Simpson i: ■; A,,E . C ; M . ■ . Gen . , Pharmac . 
25 28 r3.51-.359, 1997) .:; 4 Four . igof prms , CYP 4A1, 4A2 , 4A3 , and 
4;A8 have been cloned from: the kidneys .-of -/rats . All, 
except. :CY;P 4A8, produce 20 rHETE.when : incubated with 
- arachidbnic^acid: Messages for the CYP- 4 A2 and 4A3 
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isoforms"' are expressed in small arterioles throughout the 
body, in glomeruli and renal tubules in the kidney and in 
'airways and the vasculature of the lung. Similarly, CYP 
4A protein can be detected in renal and cerebral 
* 5 arteries; in the kidney arid in airways and the 

vasculature of the lung (Zhu, 'et al . . supra , 1998; 
Jacobs, et al . , supra . 1999). • Small blood vessels, renal 
and lung tissues all produce 20-HETE when incubated with 
AA. 

1C Many factors regulate the expression' of cytochrome 

P450 enzymes. CYP 4A1 and 4A3 mRNA and protein are 
: -r ' highly expressed in the kidney of rieofiatal rats but the 

- level's deeTine into adulthood/ In contrast, CYP 4A2 
. v . :: : • i pfotein is riot expressed in'the kidneys of neonates, but 
T -15 ■ - the*: levels increase with ; age until it becomes the major 
l v " isofdrm expressed in the kidneys of adult rats (Omata, 
K. , ^et -al Am:' J. Physiol-'. " 262 :F8-F16 , 1992) . In the 
-*:"*'■; \ - proxomai* ^tubuPe , ! : angiotehsih ; I : I (All) increases the 
;i : - ,v:-.- formation bf^EETs 1 , whereas "epidermal growth factor (EGF) , 
=2 0 - - J dopamine" arid "parathyroid* hbtmone (PTH) increase the 
r : - > Jf brmatiori-df r '2 0^HETE ; (Liri, . J supra . 1995; Ominato, M. , 
*:•;.. - \Jl - Metttbrane 1 Biol . "152 - 235-243 1996 ; -Rahman, M . , et al., 

-sufira; ^1997) : ^ In Ytihe TALH, a variety of peptide hormones 
^:-5U-.^!ncre'ase the formation- of 20-HETE (Frazier, L.W. and T. 
>-2S . ; Yorio/ PrdcJ Soc . Exp. Biol . Med. *2 01 :-22 9-24 3 , 1992; 

MdGiffy ^J.C.^ ; suEra/ 1991). The expression of CYP 4A 
! > ^proteins- 'iri the kidney and vasculature is downregulated 

^in rats fed high salt diet -and this can be prevented if 
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circulating All levels are maintained by iv infusion. In 
contrast, a high salt intake increases the expression of 
CYP 2C23 and the formation of EETs in the . kidney (Makita, 
et al., FASEB J. 10:1456-1463, 1996) . 
5 Renal CYP 4A activity is increased by 

glucocorticoids, mineralocorticoids, and progesterone. 
Antilipidemic agents, such as clofibrate, induce the 
expression of CYP 4A1 and 3 and the synthesis of 2 0-HETE 
in the liver and kidney (McGiff, J.C., supra , 1991; 
10 Simpson, A.E.C.M., supra , 1997) . Other inducers of P450 
enzymes, such as phenobarbitol , 3-methylchrolantherene, 
and 3,4 benzo (a) pyrene, do not alter renal CYP 4A 
activity (Simpson, A.E.C.M., supra . 1997) . A variety of 
important cardiovascular hormones . such as All, 
15 -■: vasopressin :"and • 'e ndb t he 1 in ; actiVate^ : phospholipases and 

increase the synthesis "and release of 20-HETE and 20-HETE 
contributes to 1 the " vasoconstrictor ! response to these 
; agonists (Simpson, A.E.C.M* , supra ; 1997). 

CYP 4A activity is elevated in ; diabeites , toxemia of 
20 pregnancy', hepatorenal ■ syridrortie , cyclosporin- induced 
nephrotoxicity and in various niodels of hypertension 
(Makita/ K. v et al., "supra . 1996; Rahman^ M. , et al . , 
'sujpr^'- 1997) . Toxemia *of pregnancy, hepatorenal 
syndrome, cyclosporin- induced rephrotoxicity and 
- 25 hypertension ; are al±M^s^ characterized by 

: intense- fenail and periplieirarl vasocdnstrTctiori that may be 
mediated by an "bve!rprbdiicti<3n c: df 2D-HETE in the vessels. 
■ The ■overproduction of ^a-HETE'may l also act as a growth 
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factor that produces hypertrophy of the wall of the 
vessel and narrows the lumen. This ultimately leads to 
heart attack, stroke or renal failure which are all long 
term consequences of these diseases. These observations 
5 suggest that inhibitors of the synthesis or antagonists 
of the actions of 20-HETE will have a therapeutic effect 
in preventing the detrimental effects of these diseases 
on renal and vascular function that ultimately account 
for much of the mortality and morbidity. 
10 We propose that patients would be treated with a 

~ orally* active long-acting 20-HETE antagonist on a daily 
basis to lower blood* pressure and prevent narrowing of 
vessels . " " ■■ 

:; 20-HETE in the regulation of vascular tone . 

1S " t ..\i . :. jSnrall. blood vessels ; throughout . the body express CYP 
_ . fV 4A2. : mIWA ajicl protein .and avidly produce-. 2 0-HETE when 
i^utjated with AA . - 2 0-HETE .is a potent constrictor 
, , ; JE,C 5 o<:10 ; -. 8 M) .of ; y^scrular -smooth muscle cells. It promotes 
; . ^ . Ca 2 * ,.ent;ry by : , depolarizing : .renal VSM cells secondary to 
2.0. f blockade ( pf p th^ ; Kc a . .channel and b% increasing the 

, conductance ,pf L-type Ca 2 + channels .{Harder, D.R., et al w 
... g;upra, ,1995)^ . Inhibitors of the formation of 20-HETE 

;activate ; the channel in VSM cells. .This effect can be 
- >vf A^ y V: s ? d \ h y ^ ,concfnt ; r,ations of, 2 0-HETE. These findings 
25 _ .indicate, that 20-JIETE; is normally produced in small blood 
.vessels throughout the .body , where it serves as an 
intracellular .second .messenger that, regulates of the 



-57- 



WO 99/4^^/) Cim-W-C: O V PCT/US99/04020 

activity of the channel (Zou, A. P., gt. ai . , supra . 
1996). 

A summary of the role of 20-HETE in the regulation 
of vascular tone is presented in Fig. ,9 r Membrane 
5 stretch, vasoactive hormones and mitogens activate 

. r phospholipase C and the subsequent rise in IP 3 triggers 
the release of intracellular Ca 2 * stores. However, 
elevations in intracellular Ca 2 * concentration should 
activate Kc a channels, leading to membrane 

10 hyperpolarization which limits Ca 2 ' influx through 

voltage-sensitive channels. This is counterproductive 
and opposes vasoconstriction. Therefore, some mechanism 
must exist to buffer against activation of Kc a channels in 
VSM following the release of intracellular Ca 2> stores. 

15' This is where 20-HETE is thought to play an important 
role. Elevations in intracellular Ca 2 *' concentration 
activates Ca 2 *-sensitive phospholipase A and DAG lipase- to 
release arachidonic acid . Arachidohic acid is converted 
to 2 0-HETE which blocks the Kc a channel in renal VSM 

20 cells, leading to membrane depolarization, enhanced 

Ca 2 *-influx, and a prolonged vasoconstrictor response. 
According to this scheme, 2 0-HETE serves as a critical 
second messenger that regulates' the Vasoconstrictor 
response to membrane stretch arid aill other vasoactive 

25 hormones and growth factors that activate phospholipases 
and release intracellular calcium. 

There is now considerable" evidenfce that 2 0-HETE 
plays this role in the' regulat ibri 1 ' of 1 vascular tone both 
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in vivo and in vitro. In this regard,- arachidonic acid 
enhances the myogenic response of isolated perfused 
arteries to elevations in transmural pressure, and 
inhibitors of the formation of 20-HETE completely block 
5 this response (Harder, D.R., et . , supra , 1995). 
Inhibitors of the formation of 20-HETE blocks 
autoregulation of renal and cerebral blood flow in vivo 
(Zou, A. P., et al., supra . 1994). They also attenuate 
the vasoconstrictor responses to vasopressin, angiotensin 
10 II, endothelin and norepinephrine both in vivo and in 
vi tro . 

20-HETE also is the mediator or a modulator of 
tubuloglomerular feedback (TGF) responses in the kidney. 
This conclusion is based on the findings that the enzyme 

15 responsible for the formation of 20-HETE is expressed in 
the macula densa of the kidney (Ito, O., et al . , Am. 
Phvsiol . 274 :F395-F414, 1998) and that 20-HETE is a 
potent constrictor of the renal afferent arteriole (Zou, 
A. P., et al., supra ) . The observations that. addition of 

20 AA to the fluid perfusing the loop of Henle potentiates 
TGF responses in rats in vivo and that TGF responses are 
blocked by addition of P450 inhibitors to tubular 
.perfusates further support this hypothesis. Moreover, 

perfusion of the loop of Henle with a solution containing 

25 20-HETE restore TGF responses following blockade of the 

. endogenous., formation of this compound in the rat in vivo. 
. . These. studies ^suggest that 20-HETE either serves as a 
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mediator of TGF or acts as a second messenger at the 
level of the afferent arteriole to transduce the 
vasoconstrictor response to some other mediator released 
by the macula densa (Zou, A. P., et : al : , suptra, 1994). 
5 More recent studies have indicated that 2 0-HETE may 

also serve as a vascular oxygen sensor and mediates the 
changes in vascular tone associated with changes in 
oxygen delivery to the tissues. This conclusion is based 
on our\ findings that the production of 20-HETE in renal 

10 and cerebral arterioles is critically dependent on the 

oxygen tension of the intubation media (Harder, D.R., et. 
al. , supra, 1996) . The Km' of " this reaction is 50 torr, 
which is on the ofde'r of c the ; P0 2 7 found in tissues 
throughout the J bddy; = Moreover, recent "studies by our 

15 group have indicated that inhibitors of ■■"the? formation of 
20-HETE and s6me of the 2 0 -HETE receptor antagonists 
described -herein; 1 block" the vasoconstrictor- response to 
el eVat ions in t issue P0 2 and whole body autdregul atory 
responses to eleVationS lh tissue *6xyge5i delivery which 

20 is central to the development of' volume -dependent models 
of hypertension . These Hndari^s 1 bug^est' that 2 0 -HETE 
antagonists will hav£ therapeutic value 1 ^n; the treatment 
of salt -sensitive forms of hyper tension . ■> V- 

In this regard/ treatnient' of patients with an orally 

25 active 20-HETE ^ant^onisfe would blbck 7 ^ the Vasoconstrictor 
effects of 20-HETE 'r o&'blodii vessels throughout the body 
and reduce blood pressure . ' I t ^ wourd ^cTl so ^ block the 
5 growth promotidn effects ! of 20-HETE oh r the* " wall of the 

- ^ , -. rr » . ; -60 
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blood vessels thereby reducing narrowing of renal, 
cerebral and coronary arteries there produce heart 
attacks, stroke and other renal failure. 

2 0-HETE-nitric oxide interaction in the cont rol of 
vascular tone > 

Numerous studies have indicated that the tonic 
release of NO plays an important role in buffering 
vasoconstriction, throughout, the body. Although, it has 
generally been assumed that the. vasodilator response to 
NO ■ is mediated by elevations in cGMP, there is increasing 
, evidence.. that : NO, -has effects on KV channels , and vascular 
t one 1 that are cGMP- independent *. NO ^, binds to heme in 
.cytochrome -P4 50 r ,4A enzymes and inhibits the formation of 
2Q-HETE -in. renal and cerebral arterioles (Sun, e_t al . , 
■ Supra , , 199£.; . Alpnso-Gal icia , : M r , et : al-. , . Mk Physiol . 
•275 ;,F3-7;0--F3,78L, ^1998) . . Thjere is . r alpo evidence that 
inhibition of .the formation,, of 2 Q-HETE. mediates the 
cGMP-independent r , effects, of.. NO in both the, renal and 
^cerebral , Qircul^tipns ;;;; . Ip this;, regard, NO. activates the 
.-.Kca; .channel ,.in,-VSM..,ceJls and dilates small, blood vessels. 

These. .-effects*. . however,,, -are cGMP- independent because they 
. ..can; -not, be -blocked,; by .inhibitors, of guanylyl cyclase or 
,v PKG..r t (Sun C.W.. . et al ....... supra, ,1998)... The effects of NO 

on, Kv channels^ and. vasqyilax. tone can be. completely blocked 
by preventing :! the NQt induced, fall in ^0-HETE levels by 
k adding. -exogenous -*20 - a _HETE to the bath (Sun^.C.W., et al . , 
supra . 1998) . These findings indicate that NO inhibits 
the formation of 2 0-HETE and that this mediates the 
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aretes 

cGMP- independent, component of the vasodilator response to 
NO by activating the K^, channel in renal VSM cells 
(Alonso-Galicia, M. , e£al„ supra , 1998; Sun, C.W., 
Circ^ Res^ 83:1-11, 1998) . 

5 In other studies, inhibitors of the formation of 

20-HETE were found to block the vasodilator response to 
nitric oxide in the renal and cerebral circulations and 
, ; the fal1 in blood pressure in intact animals (Alonso- 
Galicia, M., et al M sup^a., 1997). They also prevent the 
fall in blood pressure and cerebral blood flow hyperremia 
associated with induction of nitric. oxide synthase" in a 
, s^V.ip- s : h °ck models. .These findings indicate that 
20-HETE. receptor antagonists will have therapeutic 
potential in the treatment septic shock and other 
inflammatory disease models associated .with ^induction of 
nitric oxide synthase. 

. In this regard, it is known that nitric oxide is 
overproduced in. shock ^nd lowers blood pressure to a 
level that cannot sustain prgan .function. Since 20-HETE 
antagonists block ^ the actions of,. NO, ..treatment of 
patients in septic shock with f; i.v. .aditiinistration of a 
,20-HETE antagonist .will reduce the effects of nitric 
oxide and restore, normal blood, pressure... and perfusion of 
t.he. .heart , kidney and brain , r This.. treatment would 
probably be of ,short:- ^term^duratipn. Jl-3, ..days) until the 
toxic agent or infection, is eliminated. 

The advantage of u$ i.ng . 2.0 - HETE r ^-ant agoni s t s rather 
-than, inhibitors of nitric, ; oxide synthase is that the 
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antagonists block the actions of nitric oxide at the 
effector site so they can be used after the patient is 
already in shock. Moreover, unlike inhibitors of nitric 
oxide synthase, the 20-HETE antagonists do not lower 
5 baseline tissue blood flow. Indeed, the profound 
vasoconstriction produced by NO synthase inhibitors 
produces profound ischemic end organ damage that 
precludes use of these agent for the treatment of shock. 

P450 eicosanoids in the regulation of renal 
10 function . 

The role of P450 metabolites of AA as second 

' messeiigers 'in the regulation of sodium transport in 

various nephron segments in the kidney- has also recently 

1 ' Emerged as' a dynamic new field. A summary of the effects 

; 15 of 'these ^compounds on sodium reabsorption in the proximal 

tubule is presented in Roman, et al'.V supra , 1999. 

Several? laboratories have reported that 20-HETE is the 

; , -:. i'majfi ly metabolite of AA produced by the proximal 

r " *~ tubuie and ""that 2d'-HfiTE inhibits Na-K-ATPase activity in 

20 this nephron ' segment by enhancing PKC- induced 

* " *ph6spho2^iata6ri of the alpha suburiit of Na-K-ATPase 

' : :l (A^e^i^: ; 'A. • Wt ai:. Adv. Pharmacol. 42:570-876, 1998; 

* * ' OminatoV M. / et al . , " supra / ' 1996) . 

Subsequent studies have indicated that the 

25 * irihibit'ofy : ef recti; of "dopaifiine arid PTH on Na-K-ATPase 

activity and sodium transport in the proximal tubule 

i - . involves actfivatidn of PLA 2 , and enhanced formation of 

2'6-HETE There is also' evidence that P450 inhibitors can 
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block the inhibitory effects of All on proximal tubule 
reabsorption. This effect is associated with an enhanced 
formation of 5,6 EET , which affects the translocation of 
the NH3, Na*-H* exchanger to the apical membrane of 
5 proximal tubule cells (Rahman, M. , al . , supra, 1997). 

20-HETE also plays a major role in the regulation of 
chloride transport in the TALH. Escalante and McGiff 
(McGiff, J.C., supra, 1991) first reported that 20-HETE 
was the major metabolite of AA produced in TALH cells and 

10 that it inhibits Na'-K*-2C1- cotransport in this nephron 
segment. Subsequent patch clamp studies revealed that 
20-HETE blocks a 70-pS K* channel in the apical membrane 
of TALH cells (Wang, et al., J^. Gen. Phvsiol . 106:727- 
743, 1995) . Blockade of this channel limits 

15 availability for transport via the Na*-K*"-2C1- transporter 
and reduces the lumen positive transepithelial potential 
that serves as the main driving force for the passive 
reabsorption of cations (Na\ IC, Ca 2 * and Mg 2 *) in the 
TALH. Consistent with .this view, P450 inhibitors 

20 increase and 2 0 - HETE dec rea s es : t r axis ep i t he 1 i a 1 potential 
and chloride transport r in f ' "isolated TALH perf used in 
vitro. More recent studies have indicated that P450 
inhibitors also block the inhibitory effects of All, 
bradykinin, endothelin, vasopressin and elevations in 

25 intracellular Ca 2 * concentration on" sodium transport in 
the TALH. Given the importance of 20-HETE in the 
regulation of sodium transport in the' kidney, it is 
likely that stable analogs of 2 0-HETE would be diuretics 
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and, thus, would have therapeutic potential in the 
treatment of sodium retaining states, such as congestive 
heart failure, pulmonary edema, hepatorenal syndrome and 
hypertension . 

5 In these sodium- retaining states, characterized by 

edema and extracellular-volume expansion, administration 
of an orally active stable analog of 20-HETE would be 
expected to be accumulated in the kidney and inhibit 
tubular reabsorpt ion of sodium and water since 20-HETE 
10 normally inhibits sodium transport in the proximal tubule 
and TALH. This process could be facilitated by adding a 
group on the carboxylic acid group to facilitate 
"excretion of the drug' into the urine by adding a 
glucuronide group on the first carbon. Inhibition of 
15 tubular reabsorpt ion would increase sodium excretion, 
lower blood and extracelluar volume and reduce the 
severity of edema in these states. 

... >: _ . .:,t± ; Role of 20-HETE in the pathogenesis of hyp ertension . 
- : - _ •: -j ; v c . -..Several-, observations suggest that > alteration i|[ the 
; 2 0 ( r , renal formation of ...2.0 -HETE plays a ( . role in the 

development of genetic and experimental models of 
hypertension. In this regard, the P4504A2 gene is 
selectively overexpress.ed in the kidneys of spontaneously 
hypertensive rats (SHR) (Saderoti, D., et al supra, 
25 ,..1989; Stec, D. , et al., supra . 1996) and this is 

associated with and enhanced production of 20-HETE in the 
kidney. Administration of inhibitors of the production 
of 2 0-HETE lowers arterial pressure in SHR and can 
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prevent the development of hypertension (Saderoti, D. , ej: 
mi., supra , 1989). since 20-HETE is a potent 
vasoconstrictor (Harder, D.R., et al . , sup^a., 1995; Zou, 
A. P., gtai., suets, 1996) , 20-HETE may contribute to 
5 resetting of the pressure natriuresis relationship in SHR 
by elevating renal vascular resistance and TCP 
responses (Roman, R.J., Am^ Hvne^^c-i^ 3:893-900, 
1990) . The findings that inhibitors of the 20-HETE 
formation reverse the elevated renal vascular tone in SHR 
10 su PP°rts "this hypothesis (Imig, j.\ ei al.., m . j. 

PhYsiol. 266:H1879-H1885, 1994) ' More recently, we also 
completed a genetic linkage^analysis Ito determine wether 
P4504A genotype cosegregates with baseline mean arterial 
pressure in this population (stee, ^F./et al . , supra, 
15 1996). However, significant linkage was detected between 
P4504A genotype and change in arterial pressure in F2 
rats exposed to an elevated salt-intake! These studies 
indicate that 2 0-HETE contributes to the elevation in 
... - renal and Peripheral vascular tone in SHR and that P4504A 
20 genotype appears" to be a determinant of salt-sensitivity 
in this model. These studies suggest that a' 20-HETE 
antagonist will have antihypertensive actions and help 

, ? revent ?° me . ° f ^ i Schem ^ 9lo^rular^ injury associated 
with this model of hypertension. 

25 . Dahl ^^"'^^ jf'^ 3 re< ^" a high renal 
perfusion pressure to excrete the same' amount of sodium 
and water as normotensive rats (Roman, R.J., et al., Am. 
^ Hypertension , 1997) and this is due to largely to an 
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elevation in Cl- transport in the thick ascending limb of 
the loop of Henle (Ito, et al w Hypertension 33 (Part 
2):419-423, 1999). There are now five lines of evidence 
that suggest an abnormality in the renal metabolism of AA 

5 by enzymes of the P4 504A family may contribute to the 
increase in loop CI* transport and the development of 
hypertension in Dahl S rats. In this regard, the 
formation of 20-HETE and the levels of P4504A protein is 
reduced- in the loop of Henle of Dahl S rats. (Stec, D.E., 

10 et al., supra , 1996) Administration of exogenous 20-HETE 
normalizes the loop CI" transport (Roman R.J., et al . , 
supra , 1997) . A genetic marker in the P4504A2 gene 
cosegregates with the development of hypertension in Dahl 
S rats, induction of renal production of 20-HETE with 

15 clofibrate prevents the development of hypertension in 
Dahl S rats (Stec, D.E., et al . , supra . 1996) and 
inhibition of renal 20-HETE formation produces 
hypertension in a normotensive strain of rats fed a high 
salt diet (Stec, D.E., et ai. , Hypertension 29:315-320, 

20 1997) . 

These results implicate the P4504A2 locus as a 
candidate gene that contributes to the alterations in 
renal function and development of hypertension in Dahl S 
rats and indicate that replacement therapy with 2 0-HETE 
25 agonists will have therapeutic potential in salt- 
sensitive hypertension. In this regard, oral 
^administration of stable orally-active 20-HETE agonists 
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should inhibit tubular reabsorption o.f. .sodium, increase 
sodium excretion, lower blood volume and blood pressure. 

there is also evidence that 20-HETE contributes to 
the elevations in vascular tone and ; end organ damage 
5 associated with experimental models of . hypertension . In 
this regard, blockade of the formation of 20-HETE 
attenuates : the rise in arterial pressure produced by 
chromic administration of angiotensin II, endothelin and 
blockade of nitric oxide synthase . (Roman, et al . , 
10 supra , 1999) Blockade of 20-HETE formation also 
r attenuates the development of mineralocorticoid 
r ^hypertension and prevents the . renal damage and cardiac 
hypertrophy associated wit:h this, model,. of hypertension. 
Oyekan ■> A; D> ,, : et al;. ; A . Am, , J Physiol. 276 : R000 -R000 , 1999 
15, (In press ) . : f These studies suggest; that; 20-HETE receptor 
ant agonists have ,pptential v as antihypertensive agents and 
may- provide beneficial effects on .prevent renal anc 
cardiac end organ damage in various .models of 
hypertension . 

20 Role of 20-HETE in the regulation of luna function ♦ 

. l ' • In ..rabbit : - and human lung , j the, ef f ects of 20-HETE are 

.opposite of ; those found in the peripheral vasculature, 
i ■ Jacob, vE>A. et al. : / supra . 1999 , has recently reported 

;.that human, rabbit and. canine- pulmonary arteries and 
25 bronchial rings, all avidly producer. 2 ft-HETE when incubated 
c with arachidonic ; acid<,u20^HETE is^a^ potent dilator of the 
pulmonary arteries and bronchiole; : rings . The VASO 
dilator response to 20-HETE is dependent on an intact 
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endothelium and is cyclooxygenase dependent. 20-HETE 
either stimulates the release of vasodilatory 
cyclooxygenase products from pulmonary tissues or 20-HETE 
- itself is metabolized via cyclooxygenase to a dilatory 
5 product. These studies indicate that 20-HETE and 20-HETE 
agonists will be useful in dilating the pulmonary 
vasculature in patients with pulmonary hypertension. 

In human bronchiole tissue;? 20-HETE agonists are 
potent bronchiodilatbrs . " A Jacob, E-lA.-> et al . , supra . 
0 1999. " Nanomolar concentrationis of these agonists 
completely block the elevation in- bronchiolar tone 
^ produced by ' carbachol , • which is the -standard clinical 
* test ' f or* asthma'. These"- studies i indicate that - stable 
" " -20-HETE' agonists '^will-^ be- - usef ul' ' as" inhalational 
IS ' * bronchodilators- : £6r the treatment of asthma. They may be 
f especially usefu'l in patients resistant to the 

J 'brdrichodilator effects of other agents '-: ( (5-agonists , 
- " steroids)' : used in asthma inhalers 

Mitoaenic actions of 2 0-HETE . 

20 'X ^BesidesiX^gulatirig -v and renal sodium 

7 - " transport > r there : is increasing evidence that 2 0-HETE 

mediates the mitogertic i actions of vasoactive agents and 
/ ; :ji g^r6wth rL factors ?.bbth inAthe .kidney and vascular tissue. 

" ' In* this regard/ EETs and *20-HETE increase thymidine 
25 r - irfcorporat ion/ in. r ar variety of cell types. P450 

inhibitors attenuate- the' growth responses to serum, 
vasopressin,* EGF and phorbol- esters .in cultured 
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glomerular mesangial cells. 20-HETE ; (l.O: 9 M) promotes the 
growth of cultured LLC-PK1 and OK cells and P450 
inhibitors block the mitogenic actions of EGF in these 
cells (Lin, F., et al., supra . 1995H -Finally, 20-HETE 

5 activates the MAP kinase signal transduction cascade and 
elevations in 2 0-HETE production mediates the mitogenic 
effects of EGF in cultured aortic VSM cells. (Uddin, et 
al., supra , 1998)' These observations suggest that 
20-HETE may play an important role in the proliferation 

0 of mesangial ' cells and the development of 

glomerulosclerosis associated with hypertension, diabetes 
and immune injury. In this ' regard , 2 0 - HETE antagonists 
will have thefapeutic potential in "pirevienting, narrowing 
of blood vessels that increase' th^ : iiicidence of stroke, 

5 heart disease and renal" damage ' -associated with diabetes, 
hypertension, cyclosporin nephrotoxicity arid a variety of 
renal inflammatory diseases. ' Moreover/ since 20-HETE 
mediates the mitogenic" and ahg i ogeni c ac t i ons of a 
variety growth 'factors involved ; lrV turner formation, it is 

0 likely that th^ '^b -He¥e antagbriiWts' 'wbiiid be useful as 
anticancer drugs 'by' preventing Vas-ciil a:r i za t ion and or 
growth of neoplastic tissues. ~ ' lz :c 

We envision that patients will be given orally 
active, stable 20- HETE ant agbri i s t s l that will limit 

5 vascular growth and" hypeft'ropfiy and prevent ischemic and 
organ damage "in t'he " heart 1 ; Kidhey : arid braih' ( 
attack, stroke "and" renal disease) ! " In : cancer therapy, 
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blockade of 20-HETE pathway may limit blood vessel growth 
into tumors . 

The role of P450 metabolites of AA in the regulation 
5 of renal function and vascular tone is a rapidly 

expanding field but some general concepts have already 
emerged. First, VSM cells produce 2 0-HETE and this 
substance serves as a second messenger that plays an 
critical role in the myogenic response, TGF , vascular 
10 hypertrophy and the vascular responses to 

vasoconstrictprs and dilators by. regulation K* channel 
activity. Second, P450. metabolites of AA are avidly 
produced in the. proximal tubule and the TALH and serve as 
second messengers in. the regulation pf sodium transport. 
1.5. .Finally., the. renaX formation of P450 metabolites of AA is 
altered ,in hypertension,, diabetes, hepatorenal syndrome 
...... and. pregnancy. Given the. importance of this pathway in 

.the ..regulation of renal and vascular function and in 
r .mediating the .growth, promoting effect of a variety of 
2,0 . .mitogens , .^it is. likely . that P450 metabolites of AA 

contribute to the .changes in renal, function and vascular 
. tone :4s?ociated with these diseases. It is also likely 
; - tha.t 20-HETE .receptor antagonists will have broad 

therapeutic. potential .xn the treatment of a variety of 
. 25 „ conditions such as septic shock, .hypertension, diabetes, 
asthma, glomerular disease and cancer. t 



-71- 



BNSDOCtD: <WO 99433 10A2_I_> 



10 



WO 99/4^| PCTAJS99/04020 

CLAIMS r 

We claim: 

1., A method of reducing a patient vascular 
diameter or preventing 20-HETE from reducing vascular 
diameter, comprising the step of supplying to the patient 
an effective amount of a 20-HETE agonist or antagonist. 



2.. The method of claim 1 wherein the patient is 
supplied with a r 20-HETE agonist and the patient's 
vascular diameter is reduced. 

\ 3 * • T he met hod of claim 1 wherein the patient is 
supplied-, with, a 20-HETE antagonist and endogenous 20-HETE 
is prevented from reducing the patient's vascular 
.diameter,. 

4 . A mp i: thp4 o£ claim. 1 wherein , the 20-HETE agonist 
or antagonist, is. # compound .^Qf the ^formula: 
sp <3 Center -W-R, r 

/ ™- - o X : ~C . r ; r..,. . - 

X 

\ 

^ i i7r -. ,sp° Center n -Y r R 2 _ 

•i . y her ? in r^ir 4-s .selected ; frQm the group consisting 
of 1 carbqxylic .acid; phenol ;. : amide imide; sulfonamide; 
sulf onimide ; active^methylene; \ , 3„-dicarbonyl ; alcohol ; 
thiol; amine; tetrazole and other heteroaryl groups, 

R 2 is selected from the group consisting of 
carboxylic acid; phenol; amide; imide; sulfonamide; 
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sulfonimide; active methylene; l , 3 -dicarbonyl ; alcohol; 
thiol; amine; tetrazole and other heteroaryl, 

W is a carbon chain (C 1 through C 25 ) and may be 
lirieair, cyclic, or branched and may comprise heteroatoms, 
5 Y is a carbon chain (C x through C 25 ) and may be 

linear, cyclic, or branched and may comprise heteroatoms, 

sp° Center is selected from the group 
consisting of vinyl; aryl ; heteroaryl; cyclopropyl; and 
acetylehic moieties , 
10 X is an alkyl chain that may be linear, 

branched, cyclic ' or polycyclic and may comprise 
heteroatoms, 
- - --^ ' tn is b, l] 2, 3,' 4 or 5, and 
• ' ; " fi " 1 ' • n is 0 : , 1 /~2, '3, 4' : dr' 5". 1 " * 

5. The method of claim 4 wherein the compound has 

a carboxyl or other ionizable group at either R x or R 2 and 
:> -•'■'**•'-* L wfiei-'eiri the cdmpouhd comprises a double bond or other 
'funatioria'l -'grou^'m; 1 a distance r equal to 14-15 carbons 
5 from the ionizable "group 1 ' J 

6. The method of claim 5 wherein the compound is 
'■*'- r "'ail agonist and comprises a length of 20-21 carbons, a 

: 1 ; pait ; of "double bonds, and a hydroxy 1 group on the 20 or 
' ^ ; ' 0j 2i' carbon at either ; Ri or R 2 . 
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7. The method of claim 6 wherein the compound is 
selected from the group consisting of - 21 -HETE, ps20-HETE 
and dimethyl 20-HETE . 

, -. 8 " The method of claim 5 wherein the compound is a 
20-HETE antagonist and wherein the compound comprises a 
length of 19-21 carbons, has a pair of double bonds and 
does not, have a. hydroxy 1 group on the 20-21 carbon at 
5 either . R x or R 2 . 

9. The method of claim ,8. whereiij the compound is 
selected from the group consisting of ■ 5.(S\KHETE, 15 (S) - 
r; , HE 5 E «. -HETE, •■ l.9 ? Jiydroxynonadpca- 

5 (z) ' 8 !Z). ; .l.l (Z»-- 1 4|Z) 1 -tetraenoic ,acid s and 20- 
5 hydroxyeicosa 6 (Z) , 15 (Z) -dienoic acid. 



: 10 -. T ^e method of . claim .8 , wherein: the detrimental 
effects of patient's elevated production of 20-HETE is 
reduced and wherein the patient has a condition selected 
from the group consisting- of diabetes, toxemia of 
pregnanqy ^hepatorenal syndrome , , cyclosporin- induced 
nephrotoxicity, and hypertension. 

. , 11 . - The t method, of f; claim 8, wherein , the patient has 
hype rt ens ion... . ., 
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' 12. The method of claim 8 wherein the patient has 
septic shock or other inflammatory disease associated 
with induction of nitric oxide synthase. 

-13. The method of claim '6 wherein the compound 
provides a diuretic effect. ,r 

14. The method of claim 13 wherein the patient has 
a condition selected from the group of congestive heart 
failure, pulmonary edema, hepatorenal syndrome and 
hypertension:' 1 

: 15 The ' method of cla!im 6 wherein the patient has 
: salt sensitive v form of hypertension. 

16. The method of claim 6 wherein the patient has 
^ j '-- as€hma ; ^and the - compound * £s delivered as an inhalational 

- : "- : "i*- u " -. < therapy^ JCV r " *'> : ^- ; -- 

* : - n ' : " : ■ -17'-; ; The method 1 of claim 1 8 wherein the compound 

-' -:. .*;_}; .' \~:.r prevents vascullarizatioh^br^'growt'h'-of ' neoplastic tissues. 

18. A method of treating hypertension, diabetes, 
* <- ! - tbxemi^ of pregnancy >° hepatorenal syndrome, cerebral 

vasospasm or cyclosporin- induced nephrotoxicity 
comprising treating a patient with an amount of a 2 0-HETE 
5 antagonist sufficient to block the vasoconstrictor 
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at t ions of excess formation ojP^O-HETE in the blood 
vessels. 



19. A method of treating septic shock or other 
inflammatory disease associated with induction of NO 
synthase comprising treating the patient with an amount 
of 2 0-HETE antagonist sufficient to reduce disease 
5 symptoms . 



20 ;_,... A method of treating congestive heart failure, 
pulmonary edema, hepatorenal syndrome or hypertension 
comprising treating the patient with an amount of a 20- 
HETE or a 20-HETE agonist sufficient to cause a diuretic 
effect. 



10 



21. A method of treating salt-sensitive forms of 
hypertension comprising treat ing a patient with an amount 
of 20-HETE or a 2 0-HETE agonist sufficient to promote 
sodium excretion to reduce disease symptoms. 

,?: 2 * A . me ^ h ?< d treat:in 9„ asthma comprising treating 
a Patient with an amount of 20-HETE or a 20-HETE agonist 
sufficient to^ reduce disease symptoms. 

23. A method of preventing vascularization or 
growth of neoplastic tissue comprising treating a patient 
with an amount of a 20-HETE or a 20-HETE antagonist 
sufficient to reduce disease symptoms. 
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24. A method of relieving the symptoms of pulmonary 
hypertension comprising treating a patient with 2 0-HETE 
or a 20-HETE agonist, wherein the 20-HETE or 20-HETE 
agonist is infused to dilate pulmonary circulation. 

25. A method of treating a patient, wherein the 
patient is suffering from cerebral vascular injury, 
vasospasm, migraine or cluster, headaches, stroke or 
cocaine- induced vasospasm, comprising treating the 

5 patient with an amount of 20-HETE antagonist effective to 
increase blood flow and relieve symptoms. 

26. A pharmaceutical preparation comprising a 
compound selected from the group of (1) 2 0 
hydroxyeicosanoic acid (S-20 HETE) ; (2) 19 

hydroxynonadeca-5 (Z) , 8 (Z) , 11 (Z) , 14 (Z) tetraenoic acid (C 19 
5 analbg) /' (3) 19 hydr oxynonade c ano i c acid (sC 19 analog) ; 
(4) 20, 2 0 dimethyl -20-HETE; (5) 21-hydroxyheneicosa- 
MZ) \ 8 (Z) , 11 (Z) ', 14 (Z) tetraenoic acid (21 -HETE) ; (6) 20 
hydroxyeicosa-5 (Z) , 14 (Z) , dienoic acid (ps 20 HETE); (7) 
20 hydroxyeicosa-6 (Z) , 15 (Z) -dienoic acid (rev ps 20 
id" HETE) ; (8) N-methylsul f onyl -20 -hydroxyeicosa- 5 (Z) , 14 (Z) - 
di enamide ; ( 9 ) N - methyl sul f ony 1 - 2 0 - hydroxye icosa- 
6 (Z) , 15 (Z) -dienamide and a pharmaceutical ly acceptable 
carrier." 
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Conceptualized 20-HETE agonist/antagonist 
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Sp* 3 center 
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R 1 = carboxylic acid; phenol; amide; imide; sulfonamide; sulfonimide; 
active methylene; 1,3-dicarbonyl; alcohol; thiol; amine; tetrazole or other 
heteroaryl. 

R 2 = carboxylic acid; phenol; amide; imide; sulfonamide; sulfonimide; 
- active methylene; 1,3-dicarbonyl; alcohol; thiol; amine; tetrazole or other 
heteroaryl. 

' W = carbon chain (C, through C 25 ) either linear, cyclic, or branched with 
.or without heteroatoms such as S, O, N, Se; aryl; heteroaryl. 

X^f. carbon chain (C, through C 25 ) either linear, polycyclic, or branched 
with or without heteroatoms such as;S, O, N, Se; aryl; heteroaryl. 

, Sp* 3 center ^ vinyl; aryl; heteroaryl; cyclopropyl; acetylenic. 

X - alkyl (linear, branched, cyclic, polycyclic) with or without 
heteroatoms; vinyl; aryl; heteroaryl; cyclopropyl; acetylenic. 



m = 6, i,2| 3, 4, 5 



n = 0,1,2, 3, 4,5 
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